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OPTIMUM IS A R I T H M I N T E R P O L A T I O N I N 
D I G I T A L MODELLING: 
An e x a m i n a t i o n o f t h e p e r f o r m a n c e s o f some 
c o m p u t e r c o n t o u r i n g and i n t e r p o l a t i o n m e t h o d s 
a n d t e c h n i q u e s a p p l i c a b l e w i t h i n d i g i t a l 
t e r r a i n m o d e l l i n g . 
D o n a I d Norman D u n c a n G r a s s i e 
A t h e s i s s u b m i t t e d f o r t h e d e g r e e o f 
D o c t o r o f P h i l o s o p h y o f 
t h e U n i v e r s i t y o f Durham 
D e p a r t m e n t o f G e o g r a p h y M a r c h 1984 
1"7 M'f -(OC,1 
ABSTRACT 
S u r f a c e i n t e r p o l a t i o n a n d , more p a r t i c u l a r l y ^ i s a r i t h m 
i n t e r p o l a t i o n a r e common p r o c e d u r e s i n t h e E a r t h S c i e n c e s a n d 
i n c r e a s i n g l y common o n e s i n most o t h e r d i s c i p l i n e s . D a t a f o r 
s u c h i n t e r p o l a t i o n a r e i n c r e a s i n g l y b e i n g s t o r e d i n a 
c o m p u t e r - a c c e s s i b l e f o r m a s a p r e r e q u i s i t e t o a 
c o m p u t e r - d e r i v e d s o l u t i o n . T h i s h a s r e s u l t e d i n t h e 
d e v e l o p m e n t o f a l a r g e a s s o r t m e n t o f c o m p u t e r s o f t w a r e t o 
p e r f o r m t h e i n t e r p o l a t i o n . The s c i e n t i s t i s t h u s f a c e d w i t h a 
p r e d i c a m e n t o f w h i c h i s t h e optimum method o f i s a r i t h m 
i n t e r p o l a t i o n f o r h i s d a t a . T h i s t h e s i s d e s c r i b e s a n e m p i r i c a l 
e v a l u a t i o n o f t h e p e r f o r m a n c e s o f a c o m p r e h e n s i v e s e l e c t i o n o f 
s o f t w a r e i n r e l a t i o n t o d a t a c h a r a c t e r i s t i c s . Much o f t h e 
s o f t w a r e i s a v a i l a b l e i n t h e a c a d e m i c e n v i r o n m e n t o r was 
d e v e l o p e d by t h e a u t h o r . 
The e v a l u a t i o n u t i l i s e s d e t a i l e d , p h o t o g r a m m e t r i c a l l y -
d e r l v e d d i g i t a l t e r r a i n d a t a w h i c h a r e r e l a t e d t o some 
c u r r e n t l y u s e d d a t a c l a s s i f i c a t i o n s y s t e m s . A d d i t i o n a l l y , 
s e v e r a l t e c h n i q u e s , m o s t l y d e r i v e d f r o m g e o m o r p h o m e t r y , a r e 
u s e d t o e x a m i n e t h e d a t a i n more d e p t h , i n an a t t e m p t t o 
e s t a b l i s h r e l i a b l e d e s c r i p t o r s o f t h e i r d a t a c h a r a c t e r i s t i c s . 
T h e s e d e s c r i p t o r s a r e d e s i g n e d t o be u s e d i n a 
m u 1 t i - d i s c i p l i n a r y e n v i r o n m e n t . 
The i n t e r p o l a t i o n p r o c e s s i s e s s e n t i a 1 l y c l a s s i f i e d i n t o 
t h r e e s t a g e s f o r e v a l u a t i o n . R a n d o m - t o - g r i d a l g o r i t h m s a r e 
e v a l u a t e d by c o n s i d e r i n g t h e i n t e r p o l a t e d g r i d i n r e l a t i o n t o 
a n o b s e r v e d g r i d . G r i d - 1 o - i s a r i t h m a n d r a n d o m - t o - i s a r i t h m 
i n t e r p o l a t i o n a r e e v a l u a t e d by c o n s i d e r i n g t h e i n t e r p o l a t e d 
i s a r i t h m s w i t h o b s e r v e d i s a r i t h m s . I n b o t h c a s e s , g e o m e t r i c 
e r r o r s a n d t h e m o r p h o l o g i c a l t r u e n e s s o f t h e i n t e r p o l a t i o n 
p r o d u c t are. c o n s i d e r e d u s i n g g r a p h i c a l a n d n u m e r i c a l 
p a r a m e t e r s . T h e s e s t a t e m e n t s o f a c c u r a c y a r e c o r r e l a t e d w i t h 
t h e d a t a c h a r a c t e r i s t i c s t o e s t a b l i s h t h e m a i n f a c t o r s 
i n f l u e n c i n g i s a r i t h m i n t e r p o l a t i o n . 
The c o p y r i g h t o f t h i s t h e s i s r e s t s w i t h t h e a u t h o r . 
No q u o t a t i o n f r o m i t s h o u l d be p u b l i s h e d w i t h o u t 
h i s p r i o r w r i t t e n c o n s e n t and i n f o r m a t i o n d e r i v e d 
f r o m i t s h o u l d be a c k n o w l e d g e d . 
No p a r t o f t h e m a t e r i a l c o n t a i n e d i n t h i s t h e s i s h a s 
p r e v i o u s l y b e e n s u b m i t t e d f o r a d e g r e e i n t h i s o r 
a n y o t h e r u n i v e r s i t y . 
S i g n e d : 
D a t e : 2 3 r d M a r c h , 1 9 8 4 . 
F o r 
Oonagh and D u n c a n , 
Mum, Dad, C a t h e r i n e a n d V i v i e n . 
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1.1.1 S u b j e c t 
I n 1 9 6 5 , T o b l e r s t a t e d : 
" . . . t h e r e a r e now s e v e r a l c o m p u t e r p r o g r a m s a v a i l a b l e 
w h i c h w i l l d r a w i s a r i t h m s when g i v e n o b s e r v a t i o n a l 
i n f o r m a t i o n a t o n l y s c a t t e r e d l o c a t i o n s . Of t h e s e v e r a l 
d o z e n s u c h p r o g r a m s now i n e x i s t e n c e , h o w e v e r , no two 
s eem t o u s e t h e same m a t h e m a t i c a l l o g i c . One w o n d e r s 
w h i c h w i l l g i v e t h e more c o r r e c t maps. A l m o s t e v e r y o n e 
c l a i m s t h a t h i s p r o c e d u r e i s an i m p r o v e m e n t ( i n a c c u r a c y 
a s w e l l a s s p e e d ) o v e r t h e m a n u a l m e t h o d s . O b j e c t i v e 
t e s t s h a v e n o t b e e n p u b l i s h e d , b u t t h e m a j o r i t y o f u s e r s 
s eem s a t i s f i e d " ( T o b l e r , 1 9 6 5 , 3 6 ) . 
The most e f f i c i e n t m e t h o d o f c o m p r e h e n d i n g d a t a i n v o l v e s 
t h e medium o f g r a p h i c s . Where s p a t i a l d a t a e x i s t , m o s t e a r t h 
a n d some s o c i a l s c i e n t i s t s r e q u i r e t h e p r o d u c t i o n o f a map, 
more p a r t i c u l a r l y a n i s a r i t h m i c map, t o d i s p l a y t h e i r d a t a . 
S u c h d a t a a r e i n c r e a s i n g l y b e i n g s t o r e d i n a 
c o m p u t e r - a c c e s s i b l e f o r m a s a p r e - r e q u i s i t e t o c o m p l e x d a t a 
p r o c e s s i n g . The s c i e n t i s t i s t h u s f a c e d w i t h a p r e d i c a m e n t o f 
w h i c h i s t h e o ptimum met h o d o f i s a r i t h m i n t e r p o l a t i o n f o r h i s 
d a t a . M a n u a l i n t e r p o l a t i o n i s t e d i o u s a n d l a b o r i o u s , and y e t 
a u t o m a t e d m e t h o d s i n h e r e n t l y i n v o l v e some l o s s o f c o n t r o l o v e r 
t h e p r o c e s s , and i t s i n h e r e n t s u r f a c e I n t e r p r e t a t i o n , t o t h e 
c o m p u t e r . E v e n a f t e r t h e a u t o m a t e d p r o c e s s i s c h o s e n , t h e 
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s c i e n t i s t I s f a c e d w i t h a d i l e m m a . N e a r l y two d e c a d e s a f t e r 
T o b l e r f i r s t c l a i m e d t h e e x i s t e n c e o f ' s e v e r a l d o z e n ' 
p r o g r a m s , t h e r e a r e now h u n d r e d s o f a l g o r i t h m s a n d p a c k a g e s , 
e a c h o f w h i c h i s c l a i m e d t o be s u p e r i o r t o o t h e r c o m p u t e r 
p r o g r a m s an d t o m a n u a l p r o c e s s e s . Y e t i t i s known t h a t , 
"Many commonly u s e d c o m p u t e r a l g o r i t h m s c a n p r o d u c e 
n o n - s e n s i c a l r e s u l t s " ( U n w i n , 1974 , 2 7 8 ) . 
A r e s e a r c h p r o b l e m - t h e a s s e s s m e n t o f i s a r i t h m 
i n t e r p o l a t i o n p r o c e d u r e s i n v o l v e d i n t h e p r o d u c t i o n o f 
i s a r i t h m s - t h e r e f o r e e x i s t s a n d r e q u i r e s u r g e n t s o l u t i o n f o r 
t h e b e n e f i t o f o t h e r r e s e a r c h e r s . Y e t , g i v e n t h a t t h e r e a r e 
many s c i e n t i s t s and r e s e a r c h e r s who p o s s e s s d i f f e r i n g d a t a 
s e t s , how may t h e y be d i r e c t e d t o w a r d s r e a l i s i n g t h e o p t i m a l 
i s a r i t h m i c p r o d u c t f r o m t h e i r d a t a ? T h i s t h e s i s a t t e m p t s t o 
p r o v i d e a p p r o p r i a t e g u i d e l i n e s . 
I n a n y r e s e a r c h p r o b l e m , t h e r e s e a r c h e r m u s t m a t c h t h e 
s o l u t i o n t o t h e p r o b l e m . T h u s , s i n c e t h i s p a r t i c u l a r p r o b l e m 
h a s an e m p i r i c a l n a t u r e , i t r e q u i r e s a n e m p i r i c a l s o l u t i o n . 
A d d i t i o n a l l y , i t may be c o n s i d e r e d a b i v a r i a t e p r o b l e m . The 
d a t a s e t s may v a r y q u i t e c o n s i d e r a b l y a n d , t o a g r e a t e x t e n t , 
t h e i r s t a t i s t i c a l p r o p e r t i e s a r e u n known. The method o f 
i s a r i t h m i n t e r p o l a t i o n may a l s o v a r y , a l t h o u g h t o a l e s s e r 
e x t e n t , s i n c e t h r o u g h i n t e g r a t i o n o f t h e c o m p u t e r i n t o t h e 
r e s e a r c h e n v i r o n m e n t a n d t h e s u b s e q u e n t w i d e s p r e a d e x c h a n g e o f 
s o f t w a r e , one r e s e a r c h e r may a c c e s s t h e same p a c k a g e s a s h i s 
c o l l e a g u e w o r k i n g I n a n o t h e r e n v i r o n m e n t . The e m p i r i c a l 
i n v e s t i g a t i o n must t h e r e f o r e c o m b i n e a n e v a l u a t i o n o f t h e 
a c c u r a c y o f t h e g e n e r a l l y a v a i l a b l e i s a r i t h m i n t e r p o l a t i o n 
s o f t w a r e , w i t h a p r e d i c t i v e s t u d y i n v o l v i n g a n e x a m i n a t i o n o f 
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t h e power o f v a r i o u s d a t a d e s c r i p t o r s i n o r d e r t o d i r e c t t h e 
u s e r t o w a r d s t h e optimum s o f t w a r e f o r a p a r t i c u l a r d a t a s e t . 
A r e s e a r c h e r l o g i c a l l y a p p l i e s e x p e r t i s e g a i n e d f r o m h i s 
own d i s c i p l i n e a n d i n t e r e s t s t o p r o v i d e a s o l u t i o n t o a 
p r o b l e m . H o w e v e r , i t i s a l s o c o n s i d e r e d t h a t , w i t h i n t h i s 
r e s e a r c h t o p i c , t h e t o p o g r a p h i c s c i e n c e s - and more p r e c i s e l y 
p h o t o g r a m m e t r y - p r o v i d e t h e o n l y method o f f u l l y 
i n v e s t i g a t i n g t h e s p a t i a l i n t e r p o l a t i o n p r o b l e m : t h e y a r e 
f o c u s s e d upon o b s e r v a b l e c o n t i n u o u s s u r f a c e s , c a p a b l e o f 
m e a s u r e m e n t t o a n y d e s i r e d d e g r e e o f a c c u r a c y a n d s u r f a c e s o f 
w i d e l y v a r y i n g c h a r a c t e r i s t i c s may be s t u d i e d . The p r o b l e m s o f 
i s a r i t h m i c i n t e r p o l a t i o n o f o t h e r s u r f a c e s , p a r t i c u l a r l y t h o s e 
i n o t h e r d i s c i p l i n e s ^ may h o w e v e r be i n f e r r e d f r o m t h i s 
e x a m i n a t i o n a n d f r o m d i s c i p l i n e - s p e c i f i c i n f o r m a t i o n . 
1.1.2 Aims 
S t u d y o f t h e l i t e r a t u r e s u g g e s t s t h a t f i n a l i s a r i t h m 
a c c u r a c y v a r i e s w i t h t h e n a t u r e o f t h e d i s c i p l i n e i n v o l v e d , 
t h e c h a r a c t e r i s t i c s o f t h e s u r f a c e s a n d t h e d a t a s e t s u s e d 
a n d , p e r h a p s m o s t i m p o r t a n t l y , t h e n a t u r e o f t h e i n t e r p o l a t i o n 
m e thod u t i l i s e d . The a i m s o f t h i s t h e s i s a r e t h e r e f o r e a s 
f o l l o w s : 
1. To e v a l u a t e t h e a c c u r a c y o f some o f t h e m a j o r 
i s a r i t h m i n t e r p o l a t i o n p a c k a g e s a n d m e t h o d s u s e d i n t h e 
a c a d e m i c e n v i r o n m e n t ( C h s . 5 , 6, 7 ) . 
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2. To i n v e s t i g a t e t h e i n t e r - r e l a t i o n s h i p s b e t w e e n t h e 
v a r i o u s m e t h o d s o f r a n d o m - t o - g r i d and i s a r i t h m 
i n t e r p o l a t i o n ( C h . 2 ) . T h i s a l l o w s t h e u s e r t o make some 
e s t i m a t e s o f t h e p o s s i b l e p e r f o r m a n c e o f m e t h o d s n o t 
i n v e s t i g a t e d h e r e i n . 
3. To e x a m i n e e m p i r i c a l l y t h e i n f l u e n c e o f d a t a a n d , 
s p e c i f i c a l l y , o f s u r f a c e c h a r a c t e r i s t i c s - e s p e c i a l l y 
g e o m o r p h o m e t r y - i n p r e d i c t i n g t h e a c c u r a c i e s o f d i f f e r e n t 
m e t h o d s o f r a n d o m - t o - g r i d a n d I s a r i t h m i n t e r p o l a t i o n ( C h s . 
3, 4, 6, 7 ) . 
4. To a s s e s s b r i e f l y t h e c o n c l u s i o n s o f t h i s t h e s i s I n 
t h e c o n t e x t o f o t h e r d i s c i p l i n e s a n d t h e i r d a t a 
r e s t r i c t i o n s and g e n e r a l r e q u i r e m e n t s w i t h i n d i g i t a l 
m o d e l l i n g ( C h s . 2, 3 ) . 
1.1.3 S t r u c t u r e 
The c h a p t e r s t r u c t u r e o f t h e t h e s i s i s a s s e t o u t b e l o w : 
C h a p t e r 2 p r o v i d e s a g e n e r a l e x a m i n a t i o n o f t h e n a t u r e a n d 
u s e s o f r a n d o m - t o - g r i d and i s a r i t h m i n t e r p o l a t i o n i n d i g i t a l 
m o d e l l i n g . I t e x a m i n e s t h e m u l t I - d I s c i p 1 i n a r y n a t u r e o f t h e 
u s e r s a n d t h e i r u s e s o f i n t e r p o l a t i o n , s t r e s s i n g t h e 
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i m p o r t a n c e o f e s t a b l i s h i n g t h e r e g u l a r g r i d . I t o u t l i n e s t h e 
m e t h o d s o f i n t e r p o l a t i o n commonly u t i l i s e d t o p r o d u c e s u c h a 
g r i d a n d t h e a s s o c i a t e d i s a r i t h m s , and s u b s e q u e n t l y e x a m i n e s 
t h e i n t e r p o l a t i o n p r o g r a m s an d m e t h o d s e v a l u a t e d w i t h i n t h i s 
r e s e a r c h ( 2 . 5 ) . 
C h a p t e r 3 c o n s i d e r s t h e b e n e f i t s o f u t i l i s i n g 
p h o t o g r a m m e t r i c a l l y - d e r i v e d t o p o g r a p h i c d a t a w i t h i n t h i s 
r e s e a r c h and c l o s e l y e x a m i n e s t h e n a t u r e o f t h e d a t a . 
A d d i t i o n a l l y , by d i s c u s s i n g commonly u s e d m e t h o d s o f d a t a 
c l a s s i f i c a t i o n , i t r e l a t e s t h e d a t a u s e d i n t h i s s t u d y t o 
t h o s e u s e d i n t h e ' r e a l w o r l d ' . 
C h a p t e r 4 e x a m i n e s t h e d e s c r i p t i v e p ower o f v a r i o u s 
s u r f a c e - and d a t a - c h a r a c t e r i s t i c s d e s c r i p t o r s a n d , by 
d e t e r m i n i n g t h e i r v a l u e s f o r t h e v a r i o u s d a t a s e t s u s e d , 
d e m o n s t r a t e s t h e i r s u i t a b i l i t y a n d c o n s i s t e n c y a s a c c u r a t e 
t e r r a i n d e s c r i p t o r s . 
C h a p t e r 5 i n v e s t i g a t e s t h e a s s e s s m e n t o f map a c c u r a c y and 
d e s c r i b e s i n d e t a i l t h e m e t h o d s t o be u s e d w i t h i n t h e 
r e s e a r c h . 
C h a p t e r s 6 and 7 a s s e s s t h e a c c u r a c y o f t h e m e t h o d s o f 
i n t e r p o l a t i o n e x a m i n e d a n d a t t e m p t t o a s s o c i a t e t h e e r r o r s 
g e n e r a t e d w i t h t h e s u r f a c e a n d d a t a c h a r a c t e r i s t i c s . C h a p t e r 6 
i s c o n c e r n e d w i t h r a n d o m - t o - g r i d i n t e r p o l a t i o n , w h i l e C h a p t e r 
7 e x a m i n e s t h e i s a r i t h m i n t e r p o l a t i o n s t a g e . F i n a l l y , C h a p t e r 
8 p r e s e n t s t h e c o n c l u s i o n o f t h e t h e s i s . 
A p p e n d i x 1 d e s c r i b e s t h e c o m p u t e r h a r d w a r e a n d more 
s p e c i f i c a l l y t h e s o f t w a r e u s e d w i t h i n t h e r e s e a r c h . 
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P r e s e n t a t i o n f o l l o w s s t a n d a r d c o n v e n t i o n . C h a p t e r s , 
s e c t i o n s a n d s u b s e c t i o n s a r e l a b e l l e d n u m e r i c a l l y u s i n g a 
common h i e r a r c h i c a l n o t a t i o n . F i g u r e s and t a b l e s a r e 
s e p a r a t e l y d i s t i n g u i s h e d a n d l a b e l l e d n u m e r i c a l l y w i t h i n e a c h 
c h a p t e r . 
A l g e b r a i c n o t a t i o n i s i n t e n d e d t o be c o n s i s t e n t w h e r e 
p o s s i b l e a n d i s d e f i n e d when f i r s t u s e d o r c h a n g e d . An o v e r a l l 
summary o f n o t a t i o n may be f o u n d a t t h e b e g i n n i n g o f t h i s 
t h e s i s • 
1 2 OPERATIONAL D E F I N I T I O N S 
S e v e r a l e x p r e s s i o n s , o f t e n c o n s i d e r a b l y a b u s e d i n t h e 
l i t e r a t u r e t o t h e e x t e n t o f a m b i g u i t y , m u s t be d e f i n e d f o r 
c l a r i t y w i t h i n t h e t h e s i s . 
1.2.1 I s a r l t h m s 
T h e t e r m s " I s a r i t h m " , ' i B o l l n e ' , " I s o m e t r i c l i n e " , 
" I s o p l e t h " , " C o n t o u r " a n d a l l t h e I s o - t e r m s a r e w i d e l y u s e d 
a n d i n t e r c h a n g e d , r e s u l t i n g i n v a r i a t i o n and c o n f u s i o n a s t o 
t h e i r m e a n i n g s . F o r t h e p u r p o s e s o f t h i s t h e s i s t h e i r u s e w i l l 
be b a s e d on t h e d e f i n i t i o n s p r o p o s e d by R o b i n s o n . 
" I s o l i n e s a r e t h e s e t s o f l i n e s ( u s u a l l y on a map) 
t h a t show by t h e i r a b s o l u t e a n d r e l a t i v e p o s i t i o n s t h e 
l o c a t i o n s a n d g r a d i e n t s w i t h i n a s e t o f n u m b e r s t h e r e 
h a s b e e n a n immense number o f names c o i n e d f o r t h e s e 
l i n e s , b u t I n E n g l i s h l a n g u a g e a r e a s i s a r i t h m o r i s o l i n e 
i s g e n e r a l l y e m p l o y e d a s t h e g e n e r i c f o r m t o i n c l u d e a l l 
s u c h l i n e s " ( R o b i n s o n , 1 9 7 1 , 4 9 ) . 
I s a r i t h m s ( o r i s o l i n e s ) may be s u b d i v i d e d i n t o two c l a s s e s . 
One c l a s s , d e s i g n a t e d i s o m e t r i c l i n e s , 
" p o r t r a y n u m e r i c a l d i s t r i b u t i o n s w h i c h may be t e r m e d 
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b a s i c , e l e m e n t a l g e o g r a p h i c f a c t s . The v a l u e s t h e y 
r e p r e s e n t a c t u a l l y c a n e x i s t a t p o i n t s on t h e E a r t h " 
( R o b i n s o n , 1 9 7 1 , 4 9 ) . 
E x a m p l e s o f i s o m e t r i c l i n e s i n c l u d e e l e v a t i o n , a i r 
t e m p e r a t u r e , d e p t h , a t m o s p h e r i c p r e s s u r e . The o t h e r , c l a s s , 
t e r m e d i s o p l e t h l i n e s , p o r t r a y t h e d i s t r i b u t i o n o f r e l a t i v e 
v a l u e s . T h e s e a r e h i g h e r - o r d e r , more c o m p l e x g e o g r a p h i c a l 
c o n c e p t s o r a b s t r a c t i o n s w h i c h a r e a f u n c t i o n o f one e l e m e n t 
a n d s p a c e , f o r e x a m p l e d e n s i t y , s p a c i n g , r a t i o s , c o r r e l a t i o n s . 
C o n s e q u e n t l y , i s o p l e t h l i n e s c a n n o t e x i s t a t a n e x a c t p o i n t a s 
t h e y d i r e c t l y o r i n d i r e c t l y I n v o l v e a n a r e a l f a c t o r i n t h e i r 
d e r i v a t i o n . 
I n a d d i t i o n t o t h e f o u r g e n e r a l t e r m s - i s o l i n e , i s a r i t h m , 
i s o m e t r i c l i n e s a n d i s o p l e t h - t h e r e a r e n u m e r o u s t e r m s u s e d 
i n p r e c i s e d i s c i p l i n e s . F o r e x a m p l e c o n t o u r - w h i c h i s 
e q u i v a l e n t t o t h e i s o h y p s e - i s n o r m a l l y u s e d s o l e l y t o 
d e s c r i b e e l e v a t i o n . S i m i l a r l y , i s o t h e r m i s u s e d f o r 
t e m p e r a t u r e d i s t r i b u t i o n , i s o b a r f o r p r e s s u r e and i s o b a t h f o r 
u n d e r w a t e r d e p t h s e t c . 
The t e r m i s a r i t h m w i l l be m o s t u s e d i n t h i s t h e s i s s i n c e i t 
i s t h e g e n e r a l m u l t i d i s c i p l i n a r y t e r m f o r l i n e s w h i c h show 
g e o g r a p h i c a l d i s t r i b u t i o n o f a s p e c i f i e d v a l u e o f a c o n t i n u o u s 
v a r i a b l e . 
1.2.2 D i g i t a l M o d e l l i n g 
The t e r m s d i g i t a l t e r r a i n m o d e l , d i g i t a l e l e v a t i o n m o d e l , 
d i g i t a l g r o u n d m o d e l and d i g i t a l h e i g h t m o d e l a r e f r e q u e n t l y 
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u s e d w i t h l i t t l e r e g a r d t o t h e m e a n i n g o f t h e i n t e r m e d i a t e 
d e s c r i p t o r u s e d i . e . t e r r a i n , e l e v a t i o n , g r o u n d : c o n s i d e r a b l e 
v a r i a t i o n i n m e a n i n g may a l s o be o b s e r v e d i n t h e l i t e r a t u r e . 
The f o l l o w i n g d e f i n i t i o n s a r e u s e d t h r o u g h o u t t h i s t h e s i s . 
' E l e v a t i o n ' a n d ' h e i g h t ' h a v e e s s e n t i a l l y t h e same 
d e f i n i t i o n , n a m e l y , t h e h e i g h t o r d i s t a n c e a b o v e a d atum. T h u s 
d i g i t a l e l e v a t i o n m o d e l (DEM) o r d i g i t a l h e i g h t m o d e l (DHM) 
a r e s i m i l a r t e r m s f o r e x p r e s s i n g a c o l l e c t i o n o r s e t o f 
d i s c r e t e h e i g h t s a b o v e a d atum. Th e e l e m e n t s may h a v e a n y 
g e o g r a p h i c a l d i s t r i b u t i o n - p o i n t s , l i n e s , p o l y g o n s , g r i d s -
w i t h i m p l i c i t o r e x p l i c i t c o n n e c t i o n s . 
The d e f i n i t i o n o f ' g r o u n d ' i s t h a t o f a s o l i d s u r f a c e . A 
d i g i t a l g r o u n d m o d e l (DGM) i s t h u s s i m i l a r t o t h e DEM/DHM w i t h 
t h e a d d i t i o n t h a t t h e r e i s some c o n n e c t i o n b e t w e e n t h e 
e l e m e n t s , w h i c h a r e no l o n g e r d i s c r e t e . T h i s c o n n e c t i o n 
g e n e r a l l y t a k e s t h e f o r m a t o f a n i n h e r e n t i n t e r p o l a t i o n 
t e c h n i q u e w h i c h may be u t i l i s e d t o r e g e n e r a t e a n y p o i n t on t h e 
s u r f a c e . 
The c o n c e p t o f t e r r a i n i s more c o m p l e x . T e r r a i n n o t o n l y 
i n c l u d e s t h e g r o u n d , b u t d e s c r i p t i v e f e a t u r e s on a n d n e a r t h e 
g r o u n d . A d i g i t a l t e r r a i n m o d e l (DTM) t h e r e f o r e u s e s a DGM a s 
a r e f e r e n c e t o o v e r l a y o t h e r s u r f a c e s , f o r e x a m p l e v e g e t a t i o n , 
p o p u l a t i o n and g e o l o g y . The minimum r e q u i r e m e n t i s a DGM, 
a l t h o u g h t h e number o f a d d i t i o n a l f e a t u r e s u r f a c e s u s e d i s 
p o t e n t i a l l y I n f i n i t e . 
F i n a l l y , d i g i t a l m o d e l i s t h e g e n e r a l t e r m f o r a n y s u r f a c e . 
L i k e t h e p r e v i o u s m o d e l d e f i n i t i o n s , t h i s may i n c l u d e a n y 
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p o i n t d i s t r i b u t i o n : s u c h s u r f a c e s , may a r i s e f r o m a n y 
d i s c i p l i n e . 
1.2.3 I n t e r p o l a t i o n 
A m a j o r a s p e c t o f I s a r i t h m i c m a p p i n g i s i n t e r p o l a t i o n . The 
t e r m i n t e r p o l a t i o n i s h e r e d e f i n e d t o mean t h e p r o c e s s o f 
e s t i m a t i n g unknown d a t a f r o m known v a l u e s w i t h i n t h e i r 
e n v i r o n m e n t . T h u s t h e I n t e r p o l a t i o n method i s a p r o c e d u r e 
c o m m e n c i n g w i t h known d a t a a n d e n d i n g w i t h t h e e s t a b l i s h m e n t 
o f a d e f i n i t i v e v a l u e w h e r e p r e v i o u s l y unknown; t h e 
i n t e r p o l a t i o n f u n c t i o n i s t h e m a t h e m a t i c a l f o r m u l a u s e d w i t h i n 
t h e i n t e r p o l a t i o n m e t h o d . 
1.3 SUMMARY 
r 
I t h a s b e e n s t a t e d e a r l i e r t h a t a " r e s e a r c h e r l o g i c a l l y 
a p p l i e s e x p e r t i s e g a i n e d f r o m h i s own d i s c i p l i n e a n d i n t e r e s t s 
t o p r o v i d e a s o l u t i o n t o a p r o b l e m " . T h i s r e s e a r c h h a s b e e n 
u n d e r t a k e n i n a n e n v i r o n m e n t o f c o m p u t e r m a p p i n g . I t i s a n 
e m p i r i c a l s t u d y w h i c h u t i l i s e s some s t a t i s t i c a l a n d 
q u a n t i t a t i v e t e c h n i q u e s ; i t i s n o t a t h e o r e t i c a l s t a t i s t i c a l 
s t u d y . From t h e o u t s e t t h e t o p i c h a s b e e n c o n s i d e r e d t h r o u g h 
t h e e y e s o f t h e u s e r . T h e r e f o r e , w h i l e some t e r m s h a v e b e e n 
u s e d w h i c h h a v e a p r e c i s e s t a t i s t i c a l m e a n i n g , s u c h a s 
' p a r a m e t e r ' a n d ' s i g n i f i c a n c e ' , i n g e n e r a l t h e s e e x p r e s s i o n s 
s h o u l d be c o n s i d e r e d i n t h e u s e r ' s c o n t e x t . 
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A d d i t i o n a l l y , many u s e r s may c o n s i d e r t h e t h e s i s as a 
"Which ? " - t y p e r e p o r t . R e s u l t s f r o m t h e r e s e a r c h w i l l show 
( s e e l a t e r c h a p t e r s ) t h a t t h e r e a r e no s i m p l e s o l u t i o n s t o t h e 
p r o b l e m o f c h o o s i n g i n t e r p o l a t i o n p r o c e d u r e s b u t , as w i t h many 
r e s e a r c h p r o b l e m s , t h e answe r i s a c o m p l e x weave o f ' i f s ' and 







Computer c a r t o g r a p h y has been i n e x i s t e n c e f o r o v e r two 
d e c a d e s . I t s humble b e g i n n i n g s as l i n e - p r i n t e r m o s a i c s , 
g e n e r a t e d f r o m t h e o n l y c u r r e n t l y a v a i l a b l e h a r d w a r e , have 
d e v e l o p e d i n t o p r e c i s i o n g r a p h i c s u t i l i s i n g h i g h - t e c h n o l o g y 
h a r d w a r e c a p a b l e o f s u r p a s s i n g manual c a r t o g r a p h i c q u a l i t y . I n 
a d d i t i o n , t h e c o m p u t e r s o l u t i o n i s f l e x i b l e and i n c r e a s i n g l y 
a c c e s s i b l e and t h e r e f o r e t h e r a n g e o f u s e r s and t h e i r 
a p p l i c a t i o n s has i n c r e a s e d , d e v e l o p i n g t h e s i m p l e c o m p u t e r 
c a r t o g r a p h y i n t o d i g i t a l m o d e l l i n g . 
An i m p o r t a n t a s p e c t o f t h i s w o r k i s t h e p r o c e s s i n g o f t h e 
i n i t i a l , o b s e r v e d d a t a i n t o a c o n v e n i e n t f o r m f o r m a n i p u l a t i o n 
and f i n a l map p r o d u c t i o n . Most p r o c e s s i n g , e s p e c i a l l y o f t h e 
t h i r d d i m e n s i o n ( a s s u m i n g t h e f i r s t two d i m e n s i o n s r e p r e s e n t 
t h e p l a n e o f t h e map s h e e t ) , i n v o l v e s i n t e r p o l a t i o n . 
I n t e r p o l a t i o n i s r e q u i r e d a s , due t o some r e a s o n , a p o i n t 
v a l u e i s r e q u i r e d w h i c h was n o t o b s e r v e d . J u s t as d a t a 
s a m p l i n g may be c o n s i d e r e d a f o r m o f d a t a c o m p a c t i o n , so 
i n t e r p o l a t i o n can be c o n s i d e r e d a f o r m o f d a t a r e c o n s t r u c t i o n . 
The i n t e r p o l a t i o n o f i s a r i t h m s f r o m random s p a t i a l d a t a i n 
d i g i t a l m o d e l l i n g i s i n v a r i a b l y s u b d i v i d e d i n t o a t w o - s t a g e 
p r o c e d u r e ( F i g u r e 2 . 1 ) . T h i s i n v o l v e s t h e e s t a b l i s h m e n t o f 
some I n t e r m e d i a t e g r i d ( 2 . 4 . 1 and 2.A.2) t h r o u g h w h i c h 
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F i g u r e 2.1 Contouring and i n t e r p o l a t i o n 
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The g r i d may be o f t h r e e f o r m s . Each f o r m may be u s e d as 
t h e s t a r t i n g p o i n t f o r g e n e r a t i n g i s a r i t h m s and o f t e n one may 
be d e r i v e d f r o m a n o t h e r ( F i g u r e 2 . 1 ) . The most p o p u l a r m e t h o d 
i n v o l v e s t h e i n t e r p o l a t i o n o f a r e g u l a r s q u a r e ( o r 
r e c t a n g u l a r ) g r i d ( s e e 2.4.1 and F i g u r e 2 . 2 a / b ) . T h i s i s t h e 
most c o m p l e x and v a r i e d a s p e c t and i t s d i s c u s s i o n w i l l 
t h e r e f o r e r e p r e s e n t t h e m a j o r p a r t o f t h i s c h a p t e r and t h e s i s , 
much o f i t h a v i n g r e l e v a n c e t o t h e a c t u a l i n t e r p o l a t i o n o f t h e 
i s a r i t h m s f r o m t h e g r i d . E q u a l l y , a n o n - r e g u l a r r e c t a n g u l a r 
g r i d may be i n t e r p o l a t e d f r o m t h e d a t a . T h i s i s b a s e d on t h e 
t h e o r y t h a t t h e g r i d r e s o l u t i o n s h o u l d v a r y w i t h t h e n u a n c e s 
o f t h e t e r r a i n . I t i n v o l v e s s i m i l a r c o n s i d e r a t i o n s t o t h e 
d e r i v a t i o n o f t h e r e g u l a r g r i d e x c e p t t h a t t h e r e s u l t a n t c e l l s 
v a r y i n s i z e . I n p r a c t i c e i t o f t e n r e p r e s e n t s an i n t e r m e d i a t e 
s t e p t o t h e g e n e r a t i o n o f t h e more f l e x i b l e r e g u l a r g r i d . 
The g r i d may a l s o be t r i a n g u l a r ( s e e 2 . 4 . 2 ) . O f t e n t h i s may 
be r e g u l a r and d e f i n e d f r o m a r e g u l a r g r i d e i t h e r by 
i n t e r p o l a t i o n o r s i m p l e r e - a r r a n g e m e n t ( s e e 2 . 4 . 2 . 1 ) . E i t h e r a 
c e n t r a l p o i n t I s I n t e r p o l a t e d and t h e g r i d s u b - d i v i d e d i n t o 4 
t r i a n g l e s , o r t h e c e l l I s d i a g o n a l l y b i s e c t e d i n t o two 
t r i a n g l e s . A l t e r n a t i v e l y , an I r r e g u l a r g r i d i s o f t e n d e r i v e d 
w i t h o u t t h e use o f i n t e r p o l a t i o n by a p p l y i n g an a l g o r i t h m t o 
t h e o r i g i n a l p o i n t d a t a ( see 2.4.2.2 and F i g u r e 2 . 2 a / c ) . T h e r e 
a r e many s u c h a l g o r i t h m s , b u t most e i t h e r seek t o keep 
t r i a n g l e s e q u i a n g u l a r o r a t t e m p t t o d e r i v e s h o r t - s i d e d 
t r i a n g l e s . 
The r e s u l t a n t r e c t a n g u l a r g r i d o r t r i a n g u l a t i o n n e t 
( F i g u r e s 2.2b and c ) r e p r e s e n t s a n i m p o r t a n t c o n c e p t i n d i g i t a l 
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a) observed s p a t i a l d a t a 
b) i n t e r p o l a t e d g r i d c) d e r i v e d i r r e g u l a r t r i a n g u l a t i o n net 
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d) r e s u l t a n t i s a r i t h m s from e) r e s u l t a n t i s a r i t h m s from 
b smoothed c' smoothed 
F i g u r e 2.2 G r a p h i c a l summary of the use of i n t e r p o l a t i o n i n 
i s a r i t h m production i n d i g i t a l modelling. 
17 
m o d e l l i n g . T h i s w i l l be d e m o n s t r a t e d more c l e a r l y i n s e c t i o n 
2.3. E s s e n t i a l l y , t h e s e d i g i t a l m o d e l s ( g r i d o r n e t ) may be 
used t o p r o d u c e a w i d e r a n g e o f v a r y i n g p r o d u c t s . The k e r n e l 
t a s k i n d i g i t a l m o d e l l i n g has been p e r f o r m e d , arid t h e r e f o r e 
t h e d i g i t a l m o d e l s a r e g e n e r a l l y s a v e d as a new s t a r t i n g p o i n t 
f o r any f u t u r e p r o d u c t i o n o r u s e . The raw d a t a a r e h e n c e f o r t h 
c o n s i d e r e d o f o n l y s e c o n d a r y i m p o r t a n c e . 
I n i s a r i t h m g e n e r a t i o n ( s e e 2 . 4 . 3 ) , i s a r i t h m s w i l l be 
t h r e a d e d t h r o u g h t h e m o d e l u s i n g some s i m p l e i n t e r p o l a t i o n 
p r o c e s s . To p r o d u c e smooth i s a r i t h m s d i r e c t l y ( s e e F i g u r e 
2 . 2 d ) , a f o r m o f p a t c h w i s e i n t e r p o l a t i o n may be u t i l i s e d 
i n v o l v i n g t h r e a d i n g i s a r i t h m s t h r o u g h t e m p o r a r i l y 
i n t e r p o l a t e d , f i n e r r e s o l u t i o n g r i d s . A l t e r n a t i v e l y , a s i m p l e 
l i n e a r i n t e r p o l a t i o n o n l y may be used i n t h e t h r e a d i n g 
p r o c e s s , p r o d u c i n g a n g u l a r i s a r i t h m s ( s e e F i g u r e 2 . 2 e ) , w h i c h 
may be s u b s e q u e n t l y s m oothed u s i n g a p i e c e w i s e p o l y n o m i a l . 
I n c o n c l u s i o n , t h i s c h a p t e r i n v o l v e s a d i s c u s s i o n o f t h e 
i n t e r p o l a t i o n p r o c e s s i n v o l v e d i n i s a r i t h m i n t e r p o l a t i o n . Use 
o f t h i s p r o c e s s i s n o t r e s t r i c t e d t o one d i s c i p l i n e and 
t h e r e f o r e i t i s i m p o r t a n t t o c o n s i d e r i t i n t h e c o n t e x t o f 
o t h e r d i s c i p l i n e s , e s p e c i a l l y w i t h r e g a r d t o t h e i r d a t a 
r e q u i r e m e n t s ( 2 . 2 ) : t h i s may a l s o a l l o w o t h e r u s e r s t o r e l a t e 
t h e c o n c l u s i o n s d r a w n i n t h i s t h e s i s t o t h e i r d i s c i p l i n e s . The 
e s t a b l i s h m e n t o f a g r i d o r n e t f r o m o b s e r v e d d a t a has a l r e a d y 
been s t r e s s e d . I n e x a m i n i n g t h e uses o f i n t e r p o l a t i o n i n 
d i g i t a l m o d e l l i n g ( 2 . 3 ) , t h e i m p o r t a n c e o f t h e r a n d o m - t o - g r i d 
and t r i a n g u l a t i o n m ethods i s i l l u s t r a t e d as a b a s i s f o r any 
a p p l i c a t i o n . The i n t e r p o l a t i o n m ethods commonly u s e d i n 
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i s a r i t h m g e n e r a t i o n a r e ex a m i n e d i n g r e a t e r d e p t h i n s e c t i o n 
2.4. T h i s , i n c o n j u n c t i o n w i t h t h e e x a m i n a t i o n o f methods 
i n v e s t i g a t e d i n t h i s r e s e a r c h ( s e c t i o n 2 . 5 ) , a l l o w s t h e u s e r 
t o r e l a t e r e s e a r c h r e s u l t s t o o t h e r methods n o t e v a l u a t e d . 
2.2 USERS OF THE INTERPOLATION PROCEDURES I N DIGITAL MODELLING 
Most o f t h e d i s c u s s i o n w i t h i n t h i s t h e s i s i s c o n c e r n e d w i t h 
t o p o g r a p h i c m o d e l l i n g and i t s a s s o c i a t e d d a t a . W h i l e s u c h 
m o d e l l i n g has p r o v i d e d t h e i n i t i a l i m p e t u s t o t h e d e v e l o p m e n t 
o f many o f t h e c o m p u t e r a p p l i c a t i o n s , u s e r s i n many o t h e r 
n o n - t o p o g r a p h i c / e n g i n e e r i n g d i s c i p l i n e s have r e a l i s e d t h e 
p o t e n t i a l and t h u s use o f t h e same p r o c e d u r e s has become more 
u n i v e r s a l . 
T o p o g r a p h i c m a p p i n g i n v o l v e s m o d e l l i n g a w i d e v a r i e t y o f 
s u r f a c e s . The m a j o r i t y o f a p p l i c a t i o n s I n v o l v e m o d e l l i n g a t a 
l a r g e t o p o g r a p h i c s c a l e and a r e a s s o c i a t e d w i t h t h e o r i g i n a l 
d e v e l o p m e n t o f DTMs by M i l l e r and L a f l a m e ( 1 9 5 8 ) (e.g. M a x w e l l , 
1970; C r a i n e , H o u l t o n and Malcomson, 1974; K e i r , 1976 and 
Assmus and S t a n g e r , 1 9 7 8 ) . These u s e r s e m p l o y e d a w i d e v a r i e t y 
o f d a t a d i s t r i b u t i o n s ( p o i n t s , l i n e s and g r i d s ) w i t h s u r f a c e s 
o f t e n h i g h l y a u t o c o r r e l a t e d b e t w e e n s h a r p d i s c o n t i n u i t i e s . A t 
t h e o t h e r e x t r e m e , s m a l l t o p o g r a p h i c s c a l e m o d e l l i n g e m p l o y s 
more r e g u l a r ( p e r h a p s g r i d d e d ) d a t a (e.g. Z a r z y c k i , H a r r i s and 
L i n d e r s , 1975; B e t h e l , C r a w l e y , S h e p p h i r d and H u s s a i n , 1978 
and D u t t o n , 1 9 8 2 ) : t h e s u r f a c e s t h u s d e s c r i b e d may be 
m o d e r a t e l y ' r o u g h ' as a r e s u l t o f t h e s m a l l s c a l e and c o a r s e r 
r e s o l u t i o n d a t a . Medium s c a l e u s e r s e mploy a w i d e v a r i e t y o f 
d a t a t y p e s ( g e n e r a l l y s u r f a c e f e a t u r e - s p e c i f i c and o f t e n 
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l i n e a t e d ) and s u r f a c e s ( v e r y o f t e n r o u g h t o r e l a t i v e l y h i g h l y 
a u t o c o r r e l a t e d ) ; t h e s e u s e r s a r e g e n e r a l l y c o n c e r n e d w i t h d a t a 
b a n k i n g o f some d e s c r i p t i o n ( B e l l , 1977 and A l l a m , 1 9 7 8 ) . 
I n t e r p o l a t i o n i s u t i l i s e d w i t h i n t h i s b r o a d s p e c t r u m o f u s e r s 
p r i m a r i l y t o e s t a b l i s h r e g u l a r g r i d s as an i n t e r m e d i a t e s t a g e 
t o t h e g e n e r a t i o n ( a n d t h e r e f o r e i n t e r p o l a t i o n ) o f t h e f u l l 
s p e c t r u m o f a p p l i c a t i o n s d i s c u s s e d l a t e r . 
B a t h y m e t r i c and o c e a n o g r a p h i c m a p p i n g g e n e r a l l y d e a l w i t h 
s u r f a c e s w h i c h a r e e s s e n t i a l l y s i m i l a r t o t h o s e i n t o p o g r a p h i c 
m a p p i n g . However, as a c o n s e q u e n c e o f t h e m e d i u m - t o - s m a l 1 
s c a l e r e q u i r e m e n t s o f most such m a p p i n g , a w i d e r a n g e o f 
s u r f a c e r o u g h n e s s e s a r e e n c o u n t e r e d . I n a d d i t i o n , l a r g e s c a l e 
m apping o f t h e e n v i r o n s o f o i l r i g s and p i p e l i n e s u t i l i s i n g 
s o n a r d i g i t a l d e v i c e s i s b e i n g i n c r e a s i n g l y a t t e m p t e d , f o r 
example w i t h i n t h e r e c e n t N o r t h Sea e x p l o r a t i o n . Some o f t h e 
e a r l i e s t c o m p u t e r - p r o d u c e d i s o b a t h i c c h a r t s were c o n s t r u c t e d 
by S w i n d l e and v a n A n d e l ( 1 9 6 9 ) o f t h e m i d - A t l a n t i c r i d g e . 
They c l a i m e d t h e s e t o be more e f f i c i e n t l y p r o d u c e d t h a n 
c o n v e n t i o n a l l y c o n t o u r e d c h a r t s , y i e l d i n g an a c c e p t a b l e 
r e p r e s e n t a t i o n o f s e a - f l o o r t o p o g r a p h y f r e e o f i n t e r p r e t a t i v e 
b i a s . More r e c e n t l y , s e v e r a l o t h e r w o r k e r s have d e m o n s t r a t e d 
t h e a u t o m a t e d c o n t o u r i n g a s p e c t o f c h a r t p r o d u c t i o n (e,g. 
B o y l e , 1971 - a t t h e C a n a d i a n H y d r o g r a p h i c S e r v i c e ; 
R i c h a r d s o n , 1975 - a t t h e W h i t e F i s h A u t h o r i t y ; S l o o t w e g , 1978 
o f an a r e a a c r o s s t h e m i d - A t l a n t i c r i d g e and P e u c k e r , 1 9 8 0 ) . 
N o n - c o n t o u r p r o d u c t s p r o d u c e d i n c l u d e t h e e a r l y c o m p u t e r 
p r o d u c t i o n o f a n a g l y p h s t e r e o s c o p i c b a t h y m e t r i c maps ( L a n g , 
1 9 6 9 ) , t h e l a t e r p r o d u c t i o n by t h e ECU o f p e r s p e c t i v e p l o t s o f 
t r a c k e d d a t a i n t h e Thames e s t u a r y , u t i l i s i n g t h e SACM p a c k a g e 
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( T h o r p e , 1971) and t h e g e n e r a l p r o d u c t i o n o f s t e r e o s c o p i c maps 
and p e r s p e c t i v e s ( P e u c k e r , 1 9 8 0 ) . 
N a t u r a l l y ^ g e o g r a p h e r s have been m a j o r u s e r s o f some o f t h e 
t e c h n i q u e s . Bunge s u g g e s t e d as e a r l y as 1962 t h a t o n l y ' p u r e 
h i d e b o u n d n e s s ' k e e p s c a r t o g r a p h y f r o m a p p l y i n g i s a r i t h m i c 
t e c h n i q u e s t o a w i d e r a n g e o f g e o g r a p h i c a l phenomena. Many 
g e o g r a p h i c a l p a p e r s now i n c l u d e c o m p u t e r - g e n e r a t e d i s a r i t h m 
maps o r b l o c k d i a g r a m s . Many o f t h e e a r l y i s a r i t h m maps were 
d e r i v e d f r o m t r e n d s u r f a c e s f i t t e d t o i r r e g u l a r d a t a (e.g. 
C h o r l e y and R a g g e t t , 1965 and R o b i n s o n , 1 9 7 2 ) . However, 
g e o g r a p h i c a l u s a g e , w h i c h o f t e n t e n d s t o i n v o l v e i n h e r e n t l y 
s mooth s u r f a c e s , a l s o i n c l u d e s many c o m p u t a t i o n a l a p p l i c a t i o n s 
(e^>. Monmonier, 1971 - c o n d u c t i n g r e s e a r c h i n t o o r c h a r d 
l o c a t i o n ; M o n m o n i e r , P f a l t z and R o s e n f e l d , 1966 f o r t h e 
d e r i v a t i o n o f SAMP; Speakman, 1980 - p r e d i c t i n g n o i s e 
e x p o s u r e j C o l l i n s and Moon, 1981 and S p a n n e r , 1983 - m o d e l l i n g 
s o i l e r o s i o n ) . 
G e o l o g i c a l w o r k e r s , e s p e c i a l l y D a v i s ( 1 9 7 3 ) , have a l w a y s 
been m a j o r u s e r s o f d i g i t a l m o d e l l i n g t e c h n i q u e s ( Moore and 
Simpson, 1982 and Wa t s o n , 1 9 8 2 ) . Work i n c l u d e s t h e e v a l u a t i o n 
o f d i f f e r e n t c o n t o u r i n g methods by R h i n d ( 1 9 7 1 and 1 9 7 2 ) , 
Walden ( 1 9 7 2 ) , B a r r e t t and R h i n d ( 1 9 7 4 ) and B o l o n d i , Rocca and 
Z a n o l e t i ( 1 9 7 6 ) . Some o f t h e s e c o m p a r i s o n s i n c l u d e d a t a w i t h 
s h a r p f a u l t s d i s s e c t i n g h i g h l y c o r r e l a t e d i n t e r - f a u l t r e g i o n s . 
A d d i t i o n a l l y , C u b i t t and C e l e n k ( 1976) and Sampson ( 1 9 7 8 ) -
t h r o u g h t h e d e v e l o p m e n t o f t h e SURFACE I I GRAPHICS package 
have d e m o n s t r a t e d t h e g r o w i n g a p p l i c a t i o n o f s t e r e o s c o p i c and 
p e r s p e c t i v e p l o t s t o g e o l o g i c a l m a p p i n g . G e o l o g i c a l d a t a a r e 
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g e n e r a l l y s p a r s e , p o o r l y d i s t r i b u t e d and r e l a t e t o a c o n s t a n t 
t i m e h o r i z o n o r t o a 1 i t h o s t r a t i g r a p h i c u n i t . However, as a 
r e s u l t o f t h e c o s t o f o b t a i n i n g t h e d a t a , t h e d a t a p o i n t s 
( b o r e h o l e s and w e l l s ) a r e g e n e r a l l y s u r f a c e - s p e c i f i c , t h e i r 
l o c a t i o n b a s e d on some p r i o r k n o w l e d g e o f t h e s u r f a c e . S u r f a c e 
r o u g h n e s s v a r i e s c o n s i d e r a b l y w i t h r o c k t y p e and, i f e x p o s e d 
a t t h e g r o u n d s u r f a c e , w i t h t h e d e g r e e and t y p e o f e r o s i o n 
s u f f e r e d by t h e p a r e n t m a t e r i a l . 
G e o p h y s i c a l d i g i t a l m a p p i n g o f t e n u t i l i s e s l i n e a t e d d a t a 
( i n t h e f o r m o f 2D s e i s m i c d a t a ) w i t h a p p r o x i m a t e l y g r i d d e d 
d a t a ( i n t h e f o r m o f 3D s e i s m i c d a t a ) b e c o m i n g i n c r e a s i n g l y 
p o p u l a r more r e c e n t l y ( M c C u l l a g h , 1 9 8 3 ) . S u r f a c e s m o o t h n e s s 
can v a r y as w i t h g e o l o g i c a l d a t a , a l t h o u g h much o f t h e 
l i t e r a t u r e c o n c e r n s i t s e l f w i t h h i g h l y c o r r e l a t e d s u r f a c e s 
( R e i l l y , 1 9 8 1 ) . H u i j b r e g t s and M a t h e r o n ( 1 9 7 0 ) , B h a t t a c h a r y y a 
and Ross ( 1 9 7 2 ) and B r a i l e ( 1 9 7 8 ) have i n v e s t i g a t e d p a r t i c u l a r 
a l g o r i t h m s i n r e l a t i o n t o s u c h d a t a . T h e r e a p p e a r t o be f e w 
n o n - c o n t o u r i n g a p p l i c a t i o n s o f d i g i t a l m o d e l l i n g i n 
g e o p h y s i c a l c o m p u t e r m a p p i n g . 
W i t h i n m i n i n g e n g i n e e r i n g , much o f t h e d a t a a r e c l u s t e r e d 
and p o o r l y d i s t r i b u t e d . Some o f t h e e a r l i e s t s t u d i e s w e re 
u n d e r t a k e n by K r i g e ( 1 9 6 6 ) i n h i s e x a m i n a t i o n o f t h e 
a d v a n t a g e s o f ( w h a t i s now r e f e r r e d t o a s ) k r i g i n g i n b o r e h o l e 
v a l u a t i o n s o f d e v e l o p e d and u n d e v e l o p e d o r e r e s e r v e s i n S o u t h 
A f r i c a . Computer i s a r i t h m i c and i n t e r p o l a t i o n w o r k has a l s o 
been p e r f o r m e d by A g t e r b e r g ( 1 9 6 9 ) , G o l d , C h a r l e s w o r t h and 
K i l b y ( 1 9 8 1 ) and R o y l e , C l a u s e n and F r e d e r i k s e n ( 1 9 8 1 ) . 
A d d i t i o n a l l y , G i m b e r t and C u b i t t ( 1 9 7 3 ) , and B e t h e l , G r a w l e y , 
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S h e p p h i r d and H u s s a i n ( 1 9 7 8 ) have p e r f o r m e d volume e s t i m a t i o n 
o f c o a l heaps f r o m d i g i t a l m o d e l s . 
The d e f i n i t i o n o f m e t e o r o l o g i c a l s u r f a c e s , w h i c h a r e h i g h l y 
s p a t i a l l y c o r r e l a t e d and c o n s t a n t l y v a r y i n g i n t i m e , c a u s e s 
s e v e r e d a t a a c q u i s i t i o n p r o b l e m s . I n a d d i t i o n , a f a s t , 
e f f i c i e n t p r o d u c t i o n o f r e s u l t s i s o f t e n demanded by t h e u s e r . 
A f u r t h e r c o m p l i c a t i o n i s t h a t m e t e o r o l o g i c a l d a t a g e n e r a l l y 
c o n s i s t o f s p a r s e p o i n t d a t a w h i c h may be p o o r l y d i s t r i b u t e d 
i n s p a t i a l t e r m s . Two summaries o f c o m p u t e r i s o b a r p r o d u c t i o n 
f o r raw, i n t e r n a t i o n a l l y p r o v i d e d d a t a a r e g i v e n by Menmuir 
( 1 9 7 4 ) o f t h e B r i t i s h M e t e o r o l o g i c a l O f f i c e , and Gordon ( 1 9 8 1 ) 
o f t h e New Z e a l a n d M e t e o r o l o g i c a l S e r v i c e . A d d i t i o n a l l y , t h e 
s u c c e s s f u l i m p l e m e n t a t i o n o f t h e u b i q u i t o u s m u l t i q u a d r i c 
a n a l y s i s i s c o m p r e h e n s i v e l y d e m o n s t r a t e d by Shaw and L y n n 
( 1 9 7 2 ) and L y n n ( 1 9 7 5 ) t o r a i n f a l l e v a l u a t i o n p r e d i c t i o n . More 
i n t e r e s t i n g l y Adams ( 1 9 6 9 ) d e m o n s t r a t e d t h e a b i l i t y o f 
a n a g l y p h s t e r e o s c o p i c w e a t h e r c h a r t s t o o v e r l a y t h e sea l e v e l 
p r e s s u r e and h e i g h t s o f t h e 700 m i l l i b a r l a y e r a r o u n d t h e 
C o n t i n e n t a l S h e l f and Speakman ( 1 9 8 0 ) has c o n s i d e r e d 
t e m p e r a t u r e and h u m i d i t y changes a r o u n d an a i r p o r t . 
One o f t h e e a r l i e s t g r i d - t o - i s a r i t h m p r o g r a m s was 
e s t a b l i s h e d f o r c h e m i c a l d a t a s e t s . D a y h o f f ( 1 9 6 3 ) , d e s c r i b i n g 
a p r o g r a m w h i c h has s u b s e q u e n t l y been t h e b a s i s f o r many o t h e r 
p ackages ( e g . GINOSURF), showed t h a t t h e c o m p u t e r c o u l d 
p r o d u c e i s a r i t h m maps o f e l e c t r o n d e n s i t y and p r o t e i n p l a n e s 
more e f f i c i e n t l y t h a n t h e l a b o r i o u s c o n v e n t i o n a l m e t h o d . 
Walden ( 1 9 7 2 ) has s u b s e q u e n t l y d e m o n s t r a t e d c o m p u t e r - g e n e r a t e d 
i s a r i t h m s f o r a n a l y s i n g v a r i a t i o n i n y i e l d f r o m a r e a c t i o n 
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o v e r a p l a n e o f c h a n g i n g p r e s s u r e and t e m p e r a t u r e , and C u b l t t 
and C e l e n k ( 1 9 7 6 ) have u s e d s t e r e o g r a m s t o map t h e c h e m i c a l 
c o n c e n t r a t i o n s o f s t r e a m s . Such c h e m i c a l d a t a s e t s a r e e i t h e r 
i r r e g u l a r l y and p o o r l y d i s t r i b u t e d , l o w a u t o c o r r e l a t e d d a t a 
c o l l e c t e d i n t h e f i e l d ( Kane, B e g o v i c h , B u t z and M y e r s , 1 9 8 2 ) , 
o r e l s e a r e r e g u l a r g r i d s o f h i g h l y c o r r e l a t e d d a t a o b s e r v e d 
I n t h e l a b o r a t o r y . 
M e d i c a l s u r f a c e s a r e s i m i l a r t o t h e l a b o r a t o r y d e r i v e d 
c h e m i c a l s u r f a c e s . R e n n e r , Bahr and Compaan ( 1 9 8 0 ) d e s c r i b e 
i s a r i t h m i c p r o b l e m s i n r a d i a t i o n t h e r a p y , t h e d a t a b e i n g 
p h o t o g r a m m e t r i c a l l y p r o d u c e d o f r a d i a t i o n f r o m a Co-60 s o u r c e , 
v a n O o s t e r o m ( 1 9 7 8 ) , u t i l i s i n g i s a r i t h m s and p e r s p e c t i v e 
v i e w s , has e x a m i n e d s i m i l a r p r o b l e m s i n dose d i s t r i b u t i o n s i n 
r a d i o t h e r a p y and r a d i o l o g y and Cook, Dwyer, B a t n i t z k y and Lee 
( 1 9 8 3 ) have u t i l i s e d p e r s p e c t i v e s and v o l u m e t r i c s I n 
d i a g n o s t i c a p p l i c a t i o n s . 
M a t h e m a t i c a l s u r f a c e s , a l t h o u g h a p p a r e n t l y c o m p l e x f r o m 
t h e i r f o r m u l a e , a r e i n r e a l i t y v e r y s m o o t h . M o r r i s o n ( 1 9 7 4 a , 
1974b) and Walden ( 1 9 7 2 ) ^ f o r i n s t a n c e , b o t h u s e d m a t h e m a t i c a l 
s u r f a c e s I n t h e s t u d y o f i n t e r p o l a t i o n , M o r r i s o n a l s o 
p r o d u c i n g b l o c k d i a g r a m s . B o t h a u t h o r s have p a r t i c u l a r l y 
c h o s e n i n h e r e n t l y s m o o t h s u r f a c e s , Walden u s i n g a s u r f a c e o f 
t h e f o r m u l a , 
z - 10000 - ( x -61) - ( y -61) , 
w h i l e M o r r i s o n u s e d t h e s e l e c t i o n o f s u r f a c e s f o u n d i n F i g u r e 
2.3. 
The m i l i t a r y , e s p e c i a l l y i n a e r o n a u t i c a l and r a d a r 
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c o m p u t a t i o n a l and r e a l - t i m e a s p e c t s o f d i g i t a l m o d e l l i n g . The 
use o f d i g i t a l m a p p i n g i n a e r o n a u t i c a l w o r k and p l a n n i n g 
i n v o l v e s some o f t h e r e c e n t and f u t u r i s t a p p l i c a t i o n s . I n 
a e r o n a u t i c a l w o r k , f l i g h t s i m u l a t i o n and d i g i t a l a n i m a t i o n a r e 
m a j o r u s e r s o f p e r s p e c t i v e s and v i s i b i l i t y s t u d i e s . O t t o s o n 
( 1 9 7 8 ) r e p o r t e d on t h e use o f t h e S w e d i s h e l e v a t i o n d a t a base 
f o r f l i g h t s i m u l a t i o n s y s t e m s and r a d a r v i s i b i l i t y s t u d i e s , 
Shoup ( 1 9 7 9 ) d i s c u s s e d t h e use o f ' S u p e r p a l n t ' i n t h e d i g i t a l 
a n i m a t i o n o f some o f NASA's m i s s i o n s and J a n c a i t i s and Moore 
( 1 9 7 8 ) p r e s e n t a g r a p h i c a l c o n t r i b u t i o n on t h e use o f n e a r 
r e a l - t i m e p e r s p e c t i v e s a t t h e US T o p o g r a p h i c E n g i n e e r i n g 
L a b o r a t o r i e s . R h i n d ( 1 9 7 5 ) a l s o n o t e d t h e i s a r i t h m i c m a p p i n g 
o f s i g n a l s t r e n g t h s f r o m r a d i o and TV t r a n s m i t t e r s and wave 
d i s t o r t i o n i n e l e c t r o n i c c i r c u i t s . S t e i n ( 1 9 5 9 ) was i n v o l v e d 
i n p e r h a p s t h e e a r l i e s t s t u d y o f L i n e Of S i g h t (LOS) p r o b l e m s 
and more r e c e n t l y Ackermann and Cr o m b i e ( 1 9 7 5 ) , F r y e ( 1 9 7 8 ) , 
O t t o s o n ( 1 9 7 8 ) and O l e n d e r ( 1 9 8 0 ) have a l s o c o n t r i b u t e d t o t h e 
s u b j e c t . I n t h e s e e x a m p l e s , t h e d a t a a r e u s u a l l y r e g u l a r l y 
d i s t r i b u t e d i n s p a c e . E x c l u d i n g t e r r a i n , s u r f a c e s i n m i l i t a r y 
use (e4>. e l e c t r o m a g n e t i c ) a r e u s u a l l y d i s j o i n t e d , w i t h h i g h l y 
c o r r e l a t e d p a t c h e s b e t w e e n s h a r p b r e a k s , and a r e t h u s 
s u p e r f i c i a l l y s i m i l a r t o many g e o l o g i c a l s u r f a c e s . 
I t i s o b v i o u s f r o m t h e p r e v i o u s d i s c u s s i o n t h a t d i g i t a l 
m o d e l l i n g has become a t o o l f o r many s u r f a c e - r e l a t e d 
a p p l i c a t i o n s i n many d i s c i p l i n e s o v e r t h e l a s t d e c a d e . W h i l e 
most i n d i v i d u a l u s e r s have a more l i m i t e d v a r i e t y o f d a t a 
s a m p l e s , i n g e n e r a l a f u l l r a n g e o f d a t a t y p e s r e p r e s e n t i n g a 
w i d e c r o s s - s e c t i o n o f s u r f a c e s a r e use d w i t h i n I n t e r p o l a t i o n 
p r o c e d u r e s i n d i g i t a l m o d e l l i n g . These o b s e r v e d d a t a d^C 
INTERPOLATION 
26 
g e n e r a l l y p r o c e s s e d t o c r e a t e a more f l e x i b l e d a t a f o r m a t 
( r e g u l a r g r i d / t r i a n g u l a t i o n n e t ) , w h i c h f o r m s a b a s i s f o r t h e 
s e c o n d a r y p r o c e s s i n g - g e n e r a t i n g t h e s p e c i f i c p r o d u c t 
d e s i r e d . 
2.3 USES OF THE INTERPOLATION PROCEDURES I N DIGITAL MODELLING 
2.3.1 I n t r o d u c t i o n 
T h e r e i s no d o u b t t h a t t h e o b s e r v a t i o n and l o g g i n g o f d a t a 
i n a d i g i t a l e n v i r o n m e n t i s o f t e n a more t i m e - a n d / o r 
c o s t - c o n s u m i n g m e t hod o f d a t a c o l l e c t i o n t h a n c o n v e n t i o n a l 
m e t h o d s . W h i l e e q u i p m e n t s u c h as a u t o m a t i c l i n e f o l l o w i n g 
d i g i t i s e r s o r a u t o m a t i c o r t h o p h o t o m a p p e r s do e x i s t t o s p e e d up 
t h e a c t u a l l o g g i n g p r o c e s s , t h e i n c r e a s e d e f f i c i e n c y may 
u s u a l l y be b a l a n c e d by i n c r e a s e d m a c h i n e c o s t s a n d / o r 
p r e - l o g g i n g d a t a p r e p a r a t i o n r e q u i r e m e n t s . A d d i t i o n a l l y , t h e 
d a t a must g e n e r a l l y u n d e r g o some p o s t - l o g g i n g p r o c e s s i n g , 
a l t h o u g h i n p r o d u c t i o n e n v i r o n m e n t s t h i s may be k e p t t o a 
minimum. The r a i s o n d " e t r e f o r t h i s i n c r e a s e d e f f o r t and c o s t 
i s t h a t t h e d a t a a r e now i n a more f l e x i b l e f o r m a t and many 
more uses may be made o f them. 
D i g i t a l m o d e l l i n g , t h e n , has e v o l v e d f r o m t h e r e a l i s a t i o n 
t h a t , h a v i n g p e r f o r m e d t h e m a j o r o p e r a t i o n - c r e a t i n g t h e 
r e p r e s e n t a t i o n o f a s u r f a c e I n t h e c o m p u t e r - t h i s may be used 
t o s o l v e many p r o b l e m s d i r e c t l y , r a t h e r t h a n i n d i r e c t l y 
t h r o u g h t h e g r a p h i c s medium. T h r e e t y p e s o f a p p l i c a t i o n s may 
t h e r e f o r e now be d i s c e r n e d . G r a p h i c a l o u t p u t i n c l u d e s i s a r i t h m 
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m a p s , b l o c k d i a g r a m s , p r o f i l e s , s t e r e o s c o p i c v i e w s a n d o t h e r 
s p e c i a l i s e d m e t h o d s o f r e l i e f r e p r e s e n t a t i o n . S e c o n d l y , 
a p p l i c a t i o n s b a s e d o n p u r e l y n u m e r i c a l p r o d u c t s i n c l u d e 
c a l c u l a t i o n o f p r o f i l e s , a r e a s a n d v o l u m e s a n d 1 i n e - o f - s i g h t 
e v a l u a t i o n s . F i n a l l y , e n g i n e e r i n g a n d s t r u c t u r a l d e s i g n 
r e p r e s e n t s a m a j o r g r o w t h a p p l i c a t i o n . B e y o n d t h e s e 
a p p l i c a t i o n t y p e s , a c o n s i d e r a b l e a m o u n t o f e f f o r t i s b e i n g 
s p e n t o n d a t a o r g a n i s a t i o n i n t h e f o r m o f a d a t a b a s e o r d a t a 
b a n k , w h i c h i s u s e d a s t h e b a s i s f o r t h e g e n e r a t i o n o f t h e 
o t h e r t h r e e p r o d u c t s . 
T h e s e a p p l i c a t i o n s a r e d i r e c t l y r e l a t e d i n t h a t t h e y a l l 
e m p l o y i n t e r p o l a t i o n , e i t h e r a s a p r e - r e q u i s i t e t o c o m p u t a t i o n 
o r d u r i n g g e n e r a t i o n o f t h e p r o d u c t s . I n o r d e r t o i n c r e a s e 
f l e x i b i l i t y a n d t o f a c i l i t a t e s u b s e q u e n t p r o c e s s i n g , a l l u s e r s 
o f s p a t i a l d a t a r e q u i r e d a t a t o be i n a n o r g a n i s e d f o r m . T h i s 
g e n e r a l l y t a k e s t h e f o r m o f a r e g u l a r g r i d ( n e c e s s i t a t i n g 
r a n d o m - t o - g r i d i n t e r p o l a t i o n ) o r o c c a s i o n a l l y a t r i a n g u l a t i o n 
n e t ( r e q u i r i n g some f o r m o f d a t a r e o r g a n i s a t i o n ) . 
A d d i t i o n a l l y , a l l s u b s e q u e n t p r o c e s s e s r e q u i r e i n t e r p o l a t i o n 
(e.g. g r i d - t o - i s a r i t h m ) o f t h e i n t e r m e d i a t e m e s h ( g r i d o r 
t r i a n g u l a t i o n ) . T h e s e p r o c e s s e s m u s t t h e r e f o r e be c o n s i d e r e d 
i n t h e c o n t e x t o f how t h e y e m p l o y i n t e r p o l a t i o n . 
2.3.2 G r a p h i c a l P r o d u c t s 
T h e r e a r e t h r e e c o m m o n l y g e n e r a t e d g r a p h i c a l p r o d u c t s w h i c h 
may be c l a s s i f i e d i n t e r m s o f t h e way t h e d i g i t a l m o d e l i s 
v i e w e d . I f t h e m o d e l i s v i e w e d f r o m a v e r t i c a l i n f i n i t y , t h e 
r e s u l t a n t p r o d u c t i s p l a n i m e t r i c a l l y c o r r e c t . A l t e r n a t i v e l y , 
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i f t h e m o d e l i s v i e w e d f r o m a n o n - v e r t i c a l p o s i t i o n , some f o r m 
o f b l o c k d i a g r a m i s g e n e r a t e d . A p r o f i l e may be c o n s i d e r e d a 
s p e c i a l f o r m o f b l o c k d i a g r a m r e s t r i c t e d t o t w o d i m e n s i o n s . 
F i n a l l y , s t e r e o s c o p i c v i e w s may be p r o d u c e d o f e i t h e r o f t h e 
p r e v i o u s t w o p r o d u c t s . 
2 . 3 . 2 . 1 P l a n n i m e t r i c a l l y C o r r e c t P r o d u c t s . 
The g e n e r a t i o n o f p l a n i m e t r i c a l l y c o r r e c t p r o d u c t s i s o f 
s p e c i a l s i g n i f i c a n c e i n t h e d i s p l a y o f d a t a , a s i t a l l o w s t h e 
o v e r l a y i n g o f maps a n d o t h e r d a t a i n t h e i r c o r r e c t 
g e o g r a p h i c a l p o s i t i o n . I t i s t h e r e f o r e t h e m o s t p o p u l a r m e t h o d 
o f p r e s e n t a t i o n a n d i n c l u d e s b o t h r a s t e r a n d v e c t o r d e r i v e d 
p r o d u c t s . 
2 . 3 . 2 . 1 . 1 I s a r i t h m i c M a p p i n g . 
T h r e e f o r m s o f p l a n i m e t r i c a l l y c o r r e c t i s a r i t h m maps a r e 
f r e q u e n t l y c o m p u t e r - p r o d u c e d . 
The s t a n d a r d i s a r i t h m i c map ( F i g u r e 2 . 4 a ) i s t h e m o s t 
p o p u l a r g r a p h i c h a v i n g t h e a d v a n t a g e s o f s i m p l i c i t y o f 
p r o d u c t i o n , c o m p u t a t i o n a n d e x t r a c t i o n o f i n f o r m a t i o n . T h i s i s 
f o r m e d b y t h r e a d i n g t h e i s a r i t h m s ( b y i n t e r p o l a t i o n ) t h r o u g h a 
r e g u l a r g r i d o f d a t a o r t r i a n g u l a t i o n n e t . 
R e l i e f i s a r i t h m s ( F i g u r e 2 . 4 b , a n d d i s c u s s e d f o r e x a m p l e b y 
P e u c k e r , 1 9 7 2 ; S p r u n t , 1 9 7 5 a n d Y o e l i , 1 9 8 3 ) s i m u l a t e t h e 
i l l u m i n a t i o n a n d s h a d o w e f f e c t o f i s a r i t h m s o n a n i l l u m i n a t e d 
s u r f a c e . G e n e r a l l y , a r e g u l a r g r i d o f d a t a i s p r o c e s s e d t o 
g e n e r a t e a n u m e r i c a l v a l u e o f p s e u d o - b r i g h t n e s s a t e a c h g r i d 
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(b) Relief Isarithms 
(c) Oblique Isarithms 
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n o d e . I s a r i t h m s a r e t h e n i n t e r p o l a t e d t h r o u g h t h i s s e c o n d a r y 
g r i d i n t h e same way as f o r s t a n d a r d i s a r i t h m s , b u t a r e 
p l o t t e d w i t h v a r y i n g l i n e w i d t h s . 
O r t h o g o n a l r e l i e f i s a r i t h m s ( F i g u r e 2.Ac ) - f r e q u e n t l y 
t e r m e d o b l i q u e , o r m o r e d e s c r i p t i v e l y i n c l i n e d i s a r i t h m s -
h a v e t h e a d v a n t a g e t h a t t h e y 
" p e r m i t c o n s t r u c t i o n o f a p e r s p e c t i v e - 1 i k e v i e w o f t h e 
t e r r a i n t h a t i s p l a n i m e t r i c a l l y c o r r e c t " ( R o b i n s o n a n d 
T h r o w e r , 1 9 5 7 ) . 
The a u t o m a t e d m e t h o d f o r c o n s t r u c t i o n o f t h e s e i s a r i t h m s , 
d i s c u s s e d b y P e u c k e r , T i c h e n o r a n d R a s e ( 1 9 7 5 ) a n d S p r u n t 
( 1 9 7 5 ) , i s s i m p l e r t o c o n c e i v e t h a n t h a t f o r r e l i e f i s a r i t h m s , 
a s b a c k g r o u n d s h a d i n g a n d v a r i a b l e i s a r i t h m t h i c k n e s s e s a r e 
n o t r e q u i r e d . I s a r i t h m s may be t r a c e d c o n v e n t i o n a l l y t h r o u g h a 
r e g u l a r g r i d i f i t i s f i r s t p s e u d o - i n c l i n e d u s i n g t h e f o r m u l a , 
z ^ w - ( x . s i n ( < X ) . s i n ( / S ) ) + ( y . c o s £X ) . s i n (£) ) - ( z a U | . c o s (£ ) ) , 
w h e r e x , y = t h e s p a t i a l c o - o r d i n a t e s i n t h e 
h o r i z o n t a l p l a n e , 
z ,,,z = t h e o r i g i n a l a n d i n c l i n e d 
oil ne-l ° 
z v a l u e s , 
OC = t h e a z i m u t h r o t a t i o n ( i . e . a r o u n d t h e 
z a x i s ) , 
= t h e a l t i t u d e r o t a t i o n ( i . e . a r o u n d t h e 
s e l e c t e d a z i m u t h r e f e r e n c e ) . 
2 . 3 . 2 . 1 . 2 H a c h u r e s . 
The g e n e r a t i o n o f h a c h u r e s ( F i g u r e 2 . 5 a ) d e p e n d s o n a 
s y s t e m a t i c c l a s s i f i c a t i o n o f t h e d i g i t a l m o d e l i n t o s l o p e 
a n g l e s . W h e r e a r e g u l a r g r i d e x i s t s , s l o p e may be e a s i l y 
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F i g u r e 2.5a Hachure map of FORV data s e t (see Chapter 3) 
F i g u r e 2.5b Block diagram of FORV data s e t (see Chapter 3) 
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e v a l u a t e d a t e a c h n o d e b y c o n s i d e r i n g t h e s u r r o u n d i n g n o d e s . 
Once c l a s s i f i e d , t h e h a c h u r e s may be d r a w n (e.g. P e u c k e r , 1 9 7 2 
a n d E v a n s , 1 9 7 9 ) , t h e l i n e s u s u a l l y o n l y v a r y i n g i n d i r e c t i o n 
a n d l e n g t h t o s u i t t h e a u t o m a t e d d r a u g h t i n g p r o c e s s . T h i s 
m e t h o d o f r e l i e f r e p r e s e n t a t i o n i s m o s t s u i t a b l e w h e r e v e c t o r 
g r a p h i c s a r e u s e d t o d i s p l a y t h e map. 
2 3 . 2 . 1 . 3 H i l l - s h a d i n g . 
W h e r e r a s t e r g r a p h i c s a r e b e i n g u s e d , s l o p e a n d r e l i e f a r e 
b e t t e r i l l u s t r a t e d b y h i l l - s h a d i n g ( s e e Ype.ll, 1 9 6 5 ; B r a s s e l , 
1 9 7 4 ; A n d a , 1 9 7 6 a n d D u t t o n , 1 9 8 2 ) . T h i s t e c h n i q u e , w h i c h 
r e q u i r e s t h e p r i o r e x i s t e n c e o f a r e g u l a r g r i d , e m p l o y s 
c o m p u t a t i o n r e l a t e d t o t h a t f o r r e l i e f i s a r i t h m s a n d h a c h u r e s , 
i n v o l v i n g c o n s i d e r a t i o n o f g r a d i e n t , a s p e c t a n d l i g h t 
r e f l e c t a n c e . O u t p u t i s i d e a l l y p e r f o r m e d u t i l i s i n g a h i g h 
q u a l i t y r a s t e r p l o t t e r , w h e r e t h e a r e a c a n be s y s t e m a t i c a l l y 
s c a n n e d , a v a r y i n g d e n s i t y o f e x p o s u r e b e i n g m e t h o d i c a l l y 
a p p l i e d t o e a c h p i x e l . S u c c e s s f u l r e s u l t s may o n l y b e a c h i e v e d 
i f s u b s t a n t i a l p h o t o - r e d u e t i o n o f t h e p l o t t a k e s p l a c e o r i f 
t h e g r i d h a s a v e r y f i n e r e s o l u t i o n . 
2 . 3 . 2 . 2 B l o c k D i a g r a m s . 
"The b l o c k d i a g r a m o r p e r s p e c t i v e v i e w o f a s u r f a c e i s 
g a i n i n g p o p u l a r i t y a s a r e o t h e r m a p p i n g m e t h o d s w h i c h 
p r o v i d e a n e a s i e r a n d q u i c k e r c o m p r e h e n s i o n o f t h e 
s u r f a c e d i s p l a y e d " ( P e u c k e r , 1 9 7 2 , 4 3 ) . 
B l o c k d i a g r a m s ( F i g u r e 2 . 5 b ) a r e b e i n g i n c r e a s i n g l y d e r i v e d 
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o f e i t h e r c o n t o u r s ( e g . w i t h i n R a d i a n C o r p o r a t i o n ' s CPS-1 -
c o n t o u r p l o t t i n g s o f t w a r e p a c k a g e ) o r , m o r e p o p u l a r l y , a 
r e g u l a r g r i d ( C o o k , D w y e r , B a t n i t z k y a n d L e e , 1 9 8 3 ) . I f t h e 
l a t t e r i s i n p u t , s u b s e q u e n t p r o f i l e s a r e o r t h o g o n a l a n d may be 
p a r a l l e l t o t h e a x e s o r f o l l o w t h e d i a g o n a l s . R e g a r d l e s s o f 
t h e m e t h o d , a n i n h e r e n t p r o b l e m w h i c h m u s t be o v e r c o m e i s t h a t 
o f h i d d e n l i n e r e m o v a l - t h e p r o b l e m t h a t n e a r e r h i g h p o i n t s 
o b s c u r e l o w e r d i s t a n t p o i n t s . 
T h e r e a r e t h r e e m a i n p e r s p e c t i v e s u s e d i n b l o c k d i a g r a m s . 
One p o i n t p e r s p e c t i v e s ( F i g u r e 2 6 a ) u s e d i n , f o r e x a m p l e , 
MOSS ( C r a i n e , H o u l t o n a n d M a l c o m s o n , 1 9 7 4 ) a n d C I I S ( A p p l i e d 
R e s e a r c h C a m b r i d g e , 1 9 7 9 b ) a r e a n a l o g o u s t o s t a n d i n g a t a 
p o i n t o b s e r v i n g t h e a r e a . I s o m e t r i c p r o j e c t i o n s ( F i g u r e 2 . 6 b ) 
a r e t h e m o s t p o p u l a r f o r m o f b l o c k d i a g r a m ( P e u c k e r , 1 9 7 2 ) . 
U s e d i n SYMVU, PERSYS, GHOST a n d CPS-1, t h e b a s i s o f t h i s 
m e t h o d i s t h a t t h e v i e w i n g p o i n t i s c o n s i d e r e d t o be a t 
i n f i n i t y , t h u s t h e v i e w i n g r a y s a r e p a r a l l e l . A c y l i n d r i c a l 
p r o j e c t i o n ( F i g u r e 2 . 6 c ) i s a n a l o g o u s t o a c t u a l l y s t a n d i n g i n 
t h e m o d e l a n d v i e w i n g t h e c o m p l e t e e n v i r o n s ( P e u c k e r , 1 9 7 2 ) . 
2 . 3 . 2 . 3 S t e r e o s c o p y . 
C o m p u t e r - s i m u l a t e d s t e r e o s c o p y h a s p r e v i o u s l y h a d l i m i t e d 
u s e , b u t i s g a i n i n g p o p u l a r i t y a n d c a n now be g e n e r a t e d b y 
s e v e r a l p a c k a g e s (e.g. GPCP a n d SURFACE I I G R A P HICS). P u b l i s h e d 
e x a m p l e s i n c l u d e Adams ( 1 9 6 9 ) , M c C u l l a g h a n d Sa m p s o n ( 1 9 7 2 ) , 
C u b i t t a n d C e l e n k ( 1 9 7 6 ) a n d P e u c k e r ( 1 9 8 0 ) . I n d e e d M c C u l l a g h 
a n d Sampson ' r e c o m m e n d ' a r o u t i n e t o g e n e r a t e a s t e r e o p l o t a s 
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a c a d e m i a . 
The s t e r e o s c o p i c v i e w may be g e n e r a t e d o f a n y g r a p h i c a l 
d i s p l a y , f o r i n s t a n c e b l o c k d i a g r a m s ( F i g u r e 2 . 7 ) - a s i n 
SURFACE I I GRAPHICS ( S a m p s o n , 1 9 7 8 ) - o r i s a r i t h m maps ( F i g u r e 
2 . 8 ) , a s i n GPCP ( C a l c o m p , 1 9 7 3 ) . I n a d d i t i o n , t h e s t e r e o 
d i s p l a y may be g e n e r a t e d f o r v i e w i n g b y a n a g l y p h f i l t e r s 
( F i g u r e 2 . 8 ) , p o c k e t s t e r e o s c o p e ( F i g u r e 2 . 7 ) o r m i r r o r 
s t e r e o s c o p e . I n a l l c a s e s , t h e b a s i c d a t a a n d c o m p u t a t i o n 
m e t h o d s a r e s i m i l a r t o t h o s e i n t h e m o n o s c o p i c e q u i v a l e n t s . 
T h e e f f e c t i s a c h i e v e d b y a p p l y i n g a s u b s e q u e n t s h i f t o r 
r o t a t i o n o f t h e c o n s t i t u e n t p l o t s a n d a p p l y i n g a s e p a r a t i o n 
( o r p a r a l l a x ) . 
2.3.3 N u m e r i c a l A p p l i c a t i o n s 
T h e r e a r e t h r e e m a i n n u m e r i c a l a p p l i c a t i o n s o f d i g i t a l 
m o d e l l i n g . I n t h e o r i g i n a l d e v e l o p m e n t o f d i g i t a l t e r r a i n 
m o d e l s ( M i l l e r a n d La f l a m e , 1 9 5 8 ) , t h e m o d e l was u s e d f o r t h e 
s o l u t i o n o f h i g h w a y e n g i n e e r i n g p r o b l e m s . T h i s s t i l l 
r e p r e s e n t s t h e m a j o r u s a g e o f l a r g e s c a l e e n g i n e e r i n g m o d e l s . 
A t t h e o t h e r e x t r e m e o f s c a l e s , m i l i t a r y a n d r a d i o 
a p p l i c a t i o n s i n v o l v e e v a l u a t i n g 1 i n e - o f - s i g h t p r o b l e m s . 
2 . 3 . 3 . 1 C r o s s - s e c t i o n s , A r e a s And V o l u m e s 
A l t h o u g h a p p l i c a t i o n s i n many d i s c i p l i n e s ( f o r e x a m p l e 
g e o m o r p h o l o g y a n d g e o l o g y ) i n v o l v e t h e d e r i v a t i o n o f p r o f i l e s ; 
a r e a s a n d v o l u m e s , t h e m a j o r u s e r s o f t h i s a p p l i c a t i o n a r e 
b u i l d i n g a n d h i g h w a y e n g i n e e r i n g . I n t h e l a t t e r , t h e d a t a 
g e n e r a l l y c o n s i s t o f t h e c o - o r d i n a t e s o f t h e p r o p o s e d r o u t e 
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Figure 2.8 Stereoscopic i s a r i t h m map of FORV (see Chapter 3) 
f o r viewing w i t h anaglyph 
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a n d a d e n s e DGM w h i c h m u s t be p r o c e s s e d t o f o r m a r e f e r e n c e 
b a s e f o r s u b s e q u e n t c o m p u t a t i o n - B I P S ( M a x w e l l , 1 9 7 0 ) , SCOP, 
V I A K - A B a n d N o r d i s k ADB ( T o r l e g a r d , 1 9 7 2 ) a n d m o s t m e t h o d s 
d i s c u s s e d b y B l a s c h k e ( 1 9 6 8 ) , K e i r ( 1 9 6 9 ) a n d M a x w e l l ( 1 9 7 0 ) 
i n t e r p o l a t e a r e g u l a r g r i d f o r t h i s p u r p o s e . A d d i t i o n a l l y , 
many n o n - e n g i n e e r i n g p r o g r a m s , f o r e x a m p l e SAMP ( M o n m o n i e r , 
P f a l t z a n d R o s e n f e l d , 1 9 6 6 ) , GPCP ( C a l c o m p , 1 9 7 3 ) a n d C o o k , 
D w y e r , B a t n i t z k y a n d L e e ( 1 9 8 3 ) , b a s e t h e i r s u r f a c e a r e a 
c o m p u t a t i o n o n r e g u l a r g r i d s . H o w e v e r , C I I S ( A p p l i e d R e s e a r c h 
C a m b r i d g e , 1 9 7 9 b ) a n d MOSS ( M a l c o m s o n , 1 9 7 3 ; C r a i n e , H o u l t o n 
a n d M a l c o m s o n , 1 9 7 4 a n d I n s t i t u t e o f C i v i l E n g i n e e r s , 1 9 7 7 ) 
u t i l i s e a t r i a n g u l a t i o n n e t . Some w o r k e r s , f o r e x a m p l e 
R i c h a r d u s ( 1 9 7 6 ) a n d N a s c a ( 1 9 7 9 ) , h a v e s h o w n t h a t a r e a s a n d 
v o l u m e s may be c o m p u t e d t o a s u f f i c i e n t l y h i g h a c c u r a c y 
d i r e c t l y f r o m c o n t o u r s . 
Once t h e g r i d , t r i a n g u l a t i o n n e t o r c o n t o u r s a r e 
e s t a b l i s h e d , a n d t h e r o u t e ( i f a h i g h w a y ) o r a r e a o f i n t e r e s t 
h a s b e e n d e f i n e d , t h e c o m p u t a t i o n i s t r i v i a l . A n y a d d i t i o n a l 
e x t r a i n f o r m a t i o n i s e v a l u a t e d b y l i n e a r i n t e r p o l a t i o n f r o m 
t h e m o d e l , a n d t h e a r e a / v o l u m e c o m p u t a t i o n f o l l o w s s t a n d a r d 
e n g i n e e r i n g f o r m u l a e . 
2 . 3 . 3 . 2 L i n e - o f - s i g h t ( L O S ) . 
The l i n e - o f - s i g h t p r o b l e m - t h e p r o b l e m o f i n t e r - v i s i b i 1 i t y 
- i s m a i n l y o f c o n c e r n t o t h e m i l i t a r y , t h o s e c o n c e r n e d w i t h 
p r o b l e m s a s s o c i a t e d w i t h t h e m a s k i n g o f r a d i o w a v e s a n d i n 
c i v i l e n g i n e e r i n g ( e g . S t e i n , 1 9 5 9 j A c k e r m a n n a n d C r o m b i e , 
1 9 7 5 J F r y e , 1 9 7 9 a n d O l e n d e r , 1 9 8 0 ) . The m e t h o d o l o g y f o r 
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s o l v i n g LOS i s b a s e d o n t h e p r i o r e s t a b l i s h m e n t o f t h e t w o 
p o i n t s o f i n t e r e s t a n d t h e s u b s e q u e n t d e r i v a t i o n o f t h e 
c o n n e c t i n g p r o f i l e . T h i s s i m p l e l i n e a r r e l a t i o n s h i p may be 
d e v e l o p e d i n t o a n a r e a l r e l a t i o n s h i p b y c o n s i d e r i n g s e v e r a l 
s u c h p r o f i l e s (e.g. i n e v a l u a t i n g t h e a r e a o f v i s i b i l i t y o f a 
new c h i m n e y I n c i v i l e n g i n e e r i n g ) . W h i l e t h e e a r l i e r w o r k o f 
S t e i n a n d o f A c k e r m a n n a n d C r o m b i e u t i l i s e d r e g u l a r g r i d s a s a 
b a s i s f o r e s t a b l i s h i n g t h e v i s i b i l i t y c o n n e c t i n g p r o f i l e s , 
F r y e h a s m o r e r e c e n t l y c o n t r a s t e d t h e i r s u c c e s s w i t h t h e 
r e l a t i v e e a s e o f u s e o f t r i a n g u l a t i o n n e t s . T h e s u r f a c e s b e i n g 
c o n s i d e r e d r e p r e s e n t a w i d e r a n g e o f s u r f a c e r o u g h n e s s e s 
a l t h o u g h l a r g e s c a l e c i v i l e n g i n e e r i n g p r o j e c t s h a v e m o r e 
r e c e n t l y p r o v i d e d s u r f a c e s w i t h s h a r p d i s c o n t i n u i t i e s as a 
r e s u l t o f , f o r e x a m p l e , t o w e r b l o c k s , f a c t o r i e s a n d o t h e r 
a n g u l a r s t r u c t u r e s ( F u l l e n w i d e r , L e f e v e r a n d M a r t i n , 1 9 8 1 ) . 
2.3.4 D e s i g n 
The a p p l i c a t i o n o f d i g i t a l m o d e l l i n g i n d e s i g n ( l e a d i n g t o 
CAD - C o m p u t e r - A i d e d D e s i g n ) e n c a p s u l a t e s a n d i n t e g r a t e s t h e 
p r e v i o u s l y d i s c u s s e d a p p l i c a t i o n s ( F u l l e n w i d e r , L e f e v e r a n d 
M a r t i n , 1 9 8 1 ) . The d i s c i p l i n e s w h i c h u t i l i s e t h i s t e c h n i q u e 
i n c r e a s e d a i l y a n d i n c l u d e d e s i g n o f h i g h w a y s , b u i l d i n g s i t e s 
a n d m a c h i n e r y ( f o r e x a m p l e c a r s a n d s m a l l e r h o u s e h o l d i t e m s ) . 
S i n c e t h e s u c c e s s o f t h e d e s i g n r e l a t e s t o t h e c o m p l e t e n e s s o f 
t h e c o m p u t e r m o d e l , a f u l l v a r i e t y o f p o i n t , l i n e , p o l y g o n a n d 
g r i d d e d d a t a i s o f t e n u s e d . The m u l t i - v a l u e d s u r f a c e m o d e l i s 
u s u a l l y b a s e d o n a r e g u l a r g r i d o r t r i a n g u l a t i o n n e t . I n r o a d 
d e s i g n , t h e m a j o r i t y o f d a t a a r e t e r r a i n l i n e , c o n t o u r o r 
p o i n t d a t a j t h i s m u s t t h e r e f o r e be p r e - p r o c e s s e d ( e^>. as I n 
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MOSS a n d B I P S ) . I n t h e s e c o n d s t a g e o f t h e d e s i g n , w h e r e m o r e 
s p e c i f i c a n d l o c a l i s e d d a t a a r e r e q u i r e d , o t h e r d a t a ( e g . l a n d 
v a l u e s a n d i n f o r m a t i o n a b o u t t h e e x i s t i n g n a t u r e o f t h e r o a d , 
f e n c e s a n d w a l l s ) may be a d d e d . Once t h e d e s i g n i s c o m p l e t e , 
i s a r i t h m s , p e r s p e c t i v e s , v o l u m e s a n d many o t h e r p r e v i o u s l y 
d i s c u s s e d p r o d u c t s a r e g e n e r a t e d . 
2-3.5 D a t a B a s e Or D a t a Bank 
A s s o c i a t e d w i t h t h e d e s i g n p r o c e s s a n d a l s o w i t h t h e 
u b i q u i t o u s i n f o r m a t i o n s y s t e m s a r e t h e d a t a b a n k a n d d a t a 
b a s e : i n t h i s , n o s i n g l e a p p l i c a t i o n i s i n t e n d e d f o r t h e d a t a 
a n d , i n d e e d , t h e f i n a l u s e s may n o t be k n o w n w h e n t h e d a t a a r e 
c o l l e c t e d a n d s t o r e d . E x a m p l e s o f t h e s e d a t a s t o r a g e s y s t e m s 
a r e n u m e r o u s ( e g . B i c k m o r e , 1 9 6 7 ; S c h m i d t , 1 9 6 9 ; I r w i n , 1 9 7 1 ; 
Z a r z y c k i , 1 9 7 6 ; H a r r i s o n , 1 9 7 8 a n d S p i c e r , 1 9 7 9 ) . To i n c r e a s e 
t h e s p e e d o f r e t r i e v a l a n d t h e f l e x i b i l i t y o f t h e o b s e r v e d 
d a t a , a r e f e r e n c e s u r f a c e , u s u a l l y a g r i d , w i l l b e e s t a b l i s h e d 
f o r t h e w h o l e a r e a o f i n t e r e s t . E f f i c i e n c y o b v i o u s l y i n c r e a s e s 
a s m o r e d a t a a r e g r i d d e d - u p u s i n g t h e same x y y r e f e r e n c e 
c o - o r d i n a t e s . S u c h a p r o c e d u r e i s f r e q u e n t l y u s e d i n t h e o i l 
i n d u s t r y w h e r e m o s t d a t a a r e g r i d d e d a s s o o n a s p o s s i b l e , 
t h e r e b y a l l o w i n g s t a c k i n g o f z o n e s a n d g e o l o g i c a l p h e n o m e n a o n 
a common r e f e r e n c e . 
2.3.6 Summary 
I t h a s b e e n s h o w n t h a t , o n c e 
a n d / o r c o s t - c o n s u m i n g p a r t o f 
v a r i e t y o f a p p l i c a t i o n s a r e o p e n 
h a v i n g p e r f o r m e d t h e t i m e -
a c q u i r i n g t h e d a t a , a w i d e 
t o t h e u s e r i n a d i g i t a l 
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m o d e l l i n g e n v i r o n m e n t . W h i l e i s a r i t h m a n d p e r s p e c t i v e d r a w i n g 
a r e t r u l y m u l t i - d i s c i p l i n a r y , o t h e r g r a p h i c a l p r o d u c t s a l s o 
h a v e c o n s i d e r a b l e p o t e n t i a l o u t s i d e t o p o g r a p h i c m a p p i n g . Many 
o f t h e c o m p u t a t i o n a l m e t h o d s a r e p r i m a r i l y l i n k e d t o s p e c i f i c 
r e q u i r e m e n t s (e,g. LOS t o m i l i t a r y a n d e l e c t r o n i c 
a p p l i c a t i o n s ) . H o w e v e r , i t i s c o n c e i v a b l e t h a t , w i t h a 
w i d e - s p r e a d d e v e l o p m e n t o f d a t a b a n k i n g a n d d e s i g n , t h e s e 
a p p l i c a t i o n s may a d d i t i o n a l l y b e c ome m o r e u n i v e r s a l l y 
u t i l i s e d . 
I s a r i t h m i c m a p p i n g may be t h e o n l y p r e s e n t d e f i n i t i v e 
m u l t i - d i s c i p l i n a r y a p p l i c a t i o n , b u t , b e f o r e m o s t o t h e r 
p r o d u c t s may be g e n e r a t e d , a r e g u l a r g r i d o r s o m e t i m e s a 
t r i a n g u l a t i o n n e t m u s t be e s t a b l i s h e d f r o m t h e r a w i n p u t d a t a . 
I f t h e f o r m e r i s r e q u i r e d , g e n e r a l l y some f o r m o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n i s r e q u i r e d . T h e r e f o r e a l l 
d i s c i p l i n e s a n d a p p l i c a t i o n s r e q u i r i n g d i g i t a l m o d e l l i n g 
i n v o l v e a n u n d e r s t a n d i n g o f t h e r e l a t i v e a c c u r a c i e s o f 
i s a r i t h m a n d r a n d o m - t o - g r i d i n t e r p o l a t i o n . A d d i t i o n a l l y , w h i l e 
t h e s u r f a c e s a n d d a t a s a m p l e s u t i l i s e d v a r y q u i t e 
c o n s i d e r a b l y , t h e i r c h a r a c t e r i s t i c s m u s t b e c a r e f u l l y a s s e s s e d 
i n c o n j u n c t i o n w i t h t h e i n t e r p o l a t i o n . 
2.4 METHODS OF INTERPOLATION 
F r o m t h e p r e v i o u s d i s c u s s i o n , i t s h o u l d be a p p a r e n t t h a t 
"The c e n t r a l p r o b l e m o f t h e DTM i s o n e o f 
i n t e r p o l a t i o n " ( K r a u s , 1 9 7 3 , 2 ) . 
The i n t e r p o l a t i o n o f i s a r i t h m s f r o m d a t a , l i k e t h e 
g e n e r a t i o n o f a l l t h e p r e v i o u s l y d i s c u s s e d a p p l i c a t i o n s i n 
d i g i t a l m o d e l l i n g ^ i s i n v a r i a b l y s u b d i v i d e d i n t o a t w o - s t a g e 
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p r o c e d u r e ( F i g u r e 2 . 1 ) . I n g e n e r a l , t h i s i n v o l v e s t h e 
e s t a b l i s h m e n t o f some i n t e r m e d i a t e g r i d t h r o u g h w h i c h 
I s a r i t h m s a r e t h e n t h r e a d e d . 
The f i r s t p a r t - t h e e s t a b l i s h m e n t o f some i n t e r m e d i a t e 
g r i d o r t r i a n g u l a t i o n n e t - I s t h e a s p e c t w h i c h r e p r e s e n t s t h e 
p r i m e d i f f e r e n c e b e t w e e n t h e v a r i o u s m e t h o d s o f g e n e r a t i n g 
i s a r i t h m s , a n d i s t h e b a s i c r e q u i r e m e n t w i t h i n t h e p r e v i o u s l y 
d i s c u s s e d a p p l i c a t i o n s . I n d e e d O l e a s t a t e s t h a t , 
" t h e k e r n e l o f a n y c o n t o u r i n g s c h e m e I s t h e p r o c e d u r e 
u s e d t o g e n e r a t e t h e g r i d , s i n c e i t c o n s u m e s m o s t o f t h e 
c o m p u t i n g t i m e a n d t h e f i n a l r e s u l t s d e p e n d o n I t s 
a c c u r a c y " ( O l e a , 1 9 7 4 , 6 9 5 ) . 
B e c a u s e o f t h i s , r a n d o m - t o - g r i d i n t e r p o l a t i o n m e t h o d s w i l l 
be e x a m i n e d f i r s t , a n d m e t h o d s o f t r i a n g u l a t i o n g e n e r a t i o n 
w i l l be c o n s i d e r e d s u b s e q u e n t l y . 
The l a t t e r p a r t - i s a r i t h m t h r e a d i n g t h r o u g h t h e g r i d o r 
t r i a n g u l a t i o n n e t - a l s o i n v o l v e s I n t e r p o l a t i o n , b u t t h i s i s 
g e n e r a l l y o f t h e m o s t b a s i c f o r m i . e . s i m p l e l i n e a r 
i n t e r p o l a t i o n . T h i s w i l l be c o n s i d e r e d i n t h e t h i r d 
s u b - d i v i s i o n o f t h e s e c t i o n . 
T h i s 1 s e c t i o n t h e n d e s c r i b e s 
i s a r i t h m i n t e r p o l a t i o n g e n e r a l l y 
m o d e l l i n g , a s a p r e f a c e t o t h e 
e x a m i n e s t h e p r o g r a m s , p a c k a g e s 
a c t u a l l y u t i l i s e d i n t h e r e s e a r c h . 
2 . 4 . 1 R a n d o m - t o - g r i d I n t e r p o l a t i o n ^ 
I n e v a l u a t i n g d i f f e r i n g t e c h n i q u e s o f r a n d o m - t o - g r i d 
i n t e r p o l a t i o n , s e v e r a l i m p o r t a n t a s p e c t s may be s t u d i e d . 
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t h e r a n g e o f m e t h o d s o f 
a v a i l a b l e i n d i g i t a l 
f o l l o w i n g s e c t i o n w h i c h 
a n d s u b r o u t i n e l i b r a r i e s 
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The r a n g e o f t h e i n t e r p o l a t i n g f u n c t i o n a t any i n s t a n t 
f o r m s t h e m a j o r d i f f e r e n c e b e t w e e n t h e d i f f e r i n g t e c h n i q u e s . 
' P o i n t w i s e ' methods i n v o l v e t h e d e t e r m i n a t i o n o f d i f f e r e n t 
f u n c t i o n a l p a r a m e t e r s f o r each and e v e r y p o i n t i n t e r p o l a t e d - A 
' P a t c h w i s e ' (2D) o r ' P i e c e w i s e ' ( I D ) a p p r o a c h i n v o l v e s t h e 
e s t a b l i s h m e n t o f a s e r i e s o f l o c a l s u r f a c e s w h ere s e v e r a l 
p o i n t s a r e d e r i v e d f r o m each s u r f a c e : h o w e v e r , i f o n l y one 
p o i n t i s d e r i v e d f r o m t h e s u r f a c e , t h e n i t i s c o n s i d e r e d a 
p o i n t w i s e p r o c e d u r e . A ' G l o b a l ' r a n g e i s based on a s i n g l e 
f u n c t i o n r e p r e s e n t i n g t h e w h o l e s u r f a c e f r o m w h i c h t h e 
i n t e r p o l a t e d p o i n t s a r e d e r i v e d . A d d i t i o n a l l y , ' H y b r i d ' r a n g e s 
may i n c o r p o r a t e a b l e n d o f a l l t h r e e p r e v i o u s r a n g e s , f o r 
example l o c a l f u n c t i o n s may be d e r i v e d w h i c h a r e 'summed' t o 
g i v e a more g l o b a l f u n c t i o n . 
The i n t e r p o l a t i n g f u n c t i o n i s t h e a c t u a l m a t h e m a t i c a l 
f u n c t i o n t h a t i s f i t t e d t o each s e t o f d a t a t o p r o d u c e t h e 
i n t e r p o l a t e d p o i n t ( s ) . T h i s i s g e n e r a l l y some f o r m o f 
p o l y n o m i a l o r t r i g o n o m e t r i c f u n c t i o n , a l t h o u g h o t h e r f u n c t i o n s 
may be used -
Two a s p e c t s o f t h e f i t t i n g p r o c e d u r e a r e o f p a r t i c u l a r 
i m p o r t a n c e . F i r s t , t h e n a t u r e o f t h e f i t o f t h e f u n c t i o n may 
be v a r i e d . T h i s may i n v o l v e an e x a c t f i t o r , a l t e r n a t i v e l y , 
some f o r m o f a p p r o x i m a t e f i t such as t h e E u c l i d e a n norm ( l e a s t 
s q u a r e s ) , t h e G e r s h g o r i n norm and t h e Chebyshev norm 
( m i n i m a x ) . 
F i n a l l y , t h e method by w h i c h t h e o r i g i n a l d a t a p o i n t s a r e 
w e i g h t e d w i t h i n t h e f i t t i n g p r o c e d u r e i s i m p o r t a n t . S e v e r a l 
f o r m s o f w e i g h t i n g and c o r r e 1 a t i o n / c o v a r i a n c e f u n c t i o n s a r e 
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f r e q u e n t l y u s e d . 
2.4.1.1 Range Of The I n t e r p o l a t i n g F u n c t i o n . 
The r a n g e o f t h e i n t e r p o l a t i n g f u n c t i o n v a r i e s b e t w e e n 
p o i n t w i s e i n t e r p o l a t i o n , p a t c h w i s e / p i e c e w i s e and g l o b a l 
i n t e r p o l a t i o n . A d d i t i o n a l l y , h y b r i d p r o c e d u r e s p r o v i d e an 
i m p o r t a n t v a r i a t i o n . These a r e a l l s u m m a r i s e d i n F i g u r e 2.9. 
2.4.1.1.1 P o i n t w i s e I n t e r p o l a t i o n . 
P o i n t w i s e i n t e r p o l a t i o n i n v o l v e s t h e d e t e r m i n a t i o n o f 
s e p a r a t e f u n c t i o n a l p a r a m e t e r s f r o m s e l e c t e d n e i g h b o u r i n g d a t a 
p o i n t s f o r e a c h p o i n t t o be i n t e r p o l a t e d ( s e e F i g u r e 2 . 9 a ) . 
T h i s method has many b e n e f i t s . 
G e n e r a l l y , p o i n t w i s e i n t e r p o l a t i o n i s u s e d w i t h some s i m p l e 
f u n c t i o n , t h e s i m p l e s t and commonest b e i n g e i t h e r l i n e a r 
i n t e r p o l a t i o n o r a w e i g h t e d a v e r a g e ( e ^ . C o n n e l l y , 1 9 7 1 ) . T h i s 
m i n i m i s e s t h e r e q u i r e d c o m p u t a t i o n a l e f f o r t and t h e n e c e s s a r y 
s t o r a g e . A d d i t i o n a l l y , as each p o i n t i s d e r i v e d s e p a r a t e l y and 
s e q u e n t i a l l y , a c o n t i n u o u s s u r f a c e i s g e n e r a t e d w i t h no 
o b v i o u s b o u n d a r y p r o b l e m s e x c e p t a t t h e edges o f two a d j a c e n t 
d a t a a r e a s . T h e i n t e r p o l a t i o n i s t h u s f l e x i b l e , w i t h t h e 
d e r i v a t i o n o f one p o i n t h a v i n g no e f f e c t on t h e n e x t . T h i s has 
t h e b e n e f i t t h a t where any d a t a p o i n t s may be s u b s e q u e n t l y 
added t o t h e o r i g i n a l d a t a s e t , o n l y a v e r y l i m i t e d number o f 
l o c a l p o i n t s must be r e - i n t e r p o l a t e d . 
The s e l e c t i o n o f t h o s e d a t a p o i n t s w h i c h p a r t i c i p a t e i n t h e 
i n t e r p o l a t i o n o f one p o i n t may become a t i m e - c o n s u m i n g 
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data p o i n t range of f u n c t i o n / a r e a 
g r i d node e n c l o s i n g p o i n t s being i n t e r p o l a t e d 
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e) Hybrid - summation of s u r f a c e s f ) Hybrid - p r o g r e s s i v e f i t 
F i g u r e 2.9 G r a p h i c a l summary of the ranges of i n t e r p o l a t i o n f u n c t i o n s 
p r o c e s s , t h o u g h t h i s may be g r e a t l y s i m p l i f i e d i f t h e d a t a a r e 
s y s t e m a t i c a l l y s t o r e d as t h e y a r e i n p u t . S e v e r a l s e a r c h i n g 
t e c h n i q u e s a r e u t i l i s e d , g e n e r a l l y t h e more s o p h i s t i c a t e d 
t e c h n i q u e s b e i n g l i n k e d t o t h e s i m p l e r i n t e r p o l a t i n g 
a l g o r i t h m s and v i c e v e r s a , b a s e d on t h e g e n e r a l b e l i e f t h a t 
o p t i m a l i n t e r p o l a t i o n may be o b t a i n e d by u s i n g a c o m p l e x 
f u n c t i o n t o overcome any l i m i t a t i o n s o f t h e d a t a d i s t r i b u t i o n 
o r by e n s u r i n g t h a t t h e s e a r c h e d d a t a f o r t h e i n t e r p o l a t i o n 
a r e l o c a l l y r e p r e s e n t a t i v e . O v e r a l l , t h e r e a r e t h r e e b a s i c 
t y p e s o f s e a r c h i n g t e c h n i q u e s , a l t h o u g h c o m b i n a t i o n s o f t h e s e 
o f t e n o c c u r . F i g u r e 2.10 sum m a r i s e s t h e d i f f e r e n t t e c h n i q u e s . 
a. A r e a s e a r c h . T h i s i s t h e s i m p l e s t t e c h n i q u e , 
r e s u l t i n g i n a l l p o i n t s w i t h i n a f i x e d , g e n e r a l l y 
u n s p e c i f i e d a r e a s u r r o u n d i n g t h e i n t e r p o l a t e d p o i n t 
c o n t r i b u t i n g t o t h e i n t e r p o l a t i o n ( W o r s t e r , . 1979 and 
U n i v e r s i t y o f S a l f o r d C o m p u t i n g L a b o r a t o r y , 1 9 7 9 ) . W h i l e a 
c i r c u l a r s e a r c h a r e a i s g e n e r a l l y u t i l i s e d t o e n s u r e an 
even s y m m e t r i c s e a r c h , o t h e r shapes may be u s e d o f w h i c h 
t h e s q u a r e i s t h e most common due t o t h e s i m p l i c i t y o f t h e 
r e q u i r e d a l g o r i t h m . 
b. Number o f n e a r e s t n e i g h b o u r s . A v a r i a t i o n o f t h e a r e a 
s e a r c h i s t o s e a r c h f o r t h e " n " n e a r e s t n e i g h b o u r s , w h ere 
'TI" i s u s u a l l y u s e r - s p e c i f i e d . G e n e r a l l y , a n o r m a l d e f a u l t 
v a l u e f o r n i s 8 - l O j a l t h o u g h SYMAP V us e s 7-14 ( S h e p a r d , 
1968) and GPCP uses a d e f a u l t o f 8 ( C a l c o m p , 1 9 7 3 ) . The 
d i s a d v a n t a g e o f t h i s t e c h n i q u e , as w i t h t h e a r e a s e a r c h , i s 
t h a t i n s e l e c t i n g t h e n e a r e s t p o i n t s , t h e r e i s no c o n t r o l 
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o v e r t h e i r d i s t r i b u t i o n . 
c. S e c t o r e d n e a r e s t n e i g h b o u r s . T h i s i s a r e f i n e m e n t o f 
t h e number o f n e a r e s t n e i g h b o u r s s e a r c h where t h e a r e a 
a r o u n d t h e p o i n t i s d i v i d e d i n t o s e c t o r s ( e ^ . SURFACE I I 
GRAPHICS - Sampson, 1978 - g i v e s t h e o p t i o n o f q u a d r a n t o r 
o c t a n t s e a r c h ) . The s e l e c t i o n w i t h i n each s e c t o r i s 
p e r f o r m e d as a b o v e , w i t h g e n e r a l l y some u s e r - s p e c i f i e d 
b o u n d i n g d i s t a n c e l i m i t , b e y o n d w h i c h no s e a r c h i s made. 
T h i s i s most o f t e n r e q u i r e d n e a r t h e edges o f t h e s u r f a c e , 
where t h e s e a r c h may be r e s t r i c t e d t o a t t h e w o r s t one 
q u a d r a n t . G e n e r a l l y , t h i s s e a r c h s h o u l d r e s u l t i n a more 
even d a t a p o i n t d i s t r i b u t i o n t h a n f r o m b ( a b o v e ) . 
The p r o b l e m o f u n e v e n d a t a d i s t r i b u t i o n i n f l u e n c e s t h e 
s e l e c t i o n o f p a r t i c i p a t i n g d a t a p o i n t s and t h u s t h e 
i n t e r p o l a t e d v a l u e . Where a p o o r d i s t r i b u t i o n o f d a t a e x i s t s , 
i . e . w i t h o b v i o u s c l u s t e r s and v o i d s , p r o b l e m s may o c c u r i n 
t h e i n t e r p o l a t i o n . T h i s i s t h e r e s u l t o f o n l y c o n s i d e r i n g a 
l i m i t e d d i r e c t i o n a l n e i g h b o u r h o o d , and i s m a n i f e s t e d by t h e 
a p p e a r a n c e o f s u d d e n s p i k e s i n t h e i n t e r p o l a t e d s u r f a c e . 
Because t h e i n t e r p o l a t e d p o i n t s a r e e v a l u a t e d i n d e p e n d e n t l y , 
t h e s p i k e s a r e n o t s m o o t h e d o u t as p e r h a p s i n p a t c h w i s e o r 
( c e r t a i n l y ) i n g l o b a l m e t h o d s . 
2.4.1.1.2 G l o b a l I n t e r p o l a t i o n . 
G l o b a l i n t e r p o l a t i o n i n v o l v e s t h e f i t t i n g o f one f u n c t i o n 
INTERPOLATION 
4 9 
t o a l l t h e d a t a p o i n t s and t h e d e r i v a t i o n o f t h e i n t e r p o l a t e d 
v a l u e s f r o m t h i s f u n c t i o n ( s e e F i g u r e 2 . 9 b ) . Where t h e r e i s t o 
be no d a t a r e d u n d a n c y ( i . e . t h e number o f c o e f f i c i e n t s m a t c h e s 
t h e number o f d a t a p o i n t s ) , t h i s may r e s u l t ( w i t h l a r g e d a t a 
s e t s ) i n p r o b l e m s o f s t o r a g e and c o m p u t a t i o n a l t i m e , as w e l l 
as u n w i e l d y o s c i l l a t i n g f u n c t i o n s . For t h i s r e a s o n , and t h e 
f a c t t h a t t e r r a i n has g e n e r a l l y l o w a u t o c o r r e l a t i o n , i t s 
a p p l i c a t i o n i n DTMs i s v e r y l i m i t e d and o f t e n r e s u l t s i n a 
g e n e r a l i s e d , l o w - o r d e r , h i g h d a t a r e d u n d a n c y f u n c t i o n b e i n g 
f i t t e d ( H o w a r t h , 1969 and N o r c l i f f e , 1 9 6 9 ) . 
2.4.1.1-3 P a t c h w i s e I n t e r p o l a t i o n . 
P a t c h w i s e t e c h n i q u e s r e p r e s e n t an a t t e m p t t o c o m b i n e t h e 
a d v a n t a g e s o f p o i n t w i s e and g l o b a l t e c h n i q u e s . E s s e n t i a l l y , 
t h e t e c h n i q u e i n v o l v e s m e t h o d i c a l l y d i v i d i n g t h e t o t a l s u r f a c e 
i n t o s e v e r a l e q u i - s i z e d and -shaped p a t c h e s , and f i t t i n g 
s e p a r a t e f u n c t i o n a l p a r a m e t e r s t o each p a t c h ( s e e F i g u r e 
2 . 9 c / d ) . The shape o f t h e p a t c h e s may be s q u a r e , t r i a n g u l a r , 
e t c . . a l t h o u g h i n p r a c t i c e r e c t a n g l e s o r s q u a r e s a r e g e n e r a l l y 
u s e d . The s i z e may a l l o w f o r some o v e r l a p b e t w e e n p a t c h e s ^ i n 
w h i c h case t h e r e a r e common p o i n t s w i t h i n c o n t i g u o u s p a t c h e s , 
o r e l s e r e s u l t i n ' e x a c t f i t ' p a t c h e s where e a c h p a t c h e x a c t l y 
a b u t s o n t o t h e n e x t ( F i g u r e 2 . 9 c ) . ' E x a c t f i t ' p a t c h e s may 
r e s u l t i n s h a r p d i s c o n t i n u i t i e s i n t h e r e s u l t a n t i s a r i t h m s ; 
t h i s can be s o l v e d e i t h e r by o v e r l a p p i n g t h e p a t c h e s ( a l t h o u g h 
a t t h e expense o f an i n c r e a s e d c o m p u t a t i o n a l e f f o r t - see 
F i g u r e 2.9d) o r by s p e c i f y i n g c o n t i n u i t y i n t h e f o r m o f t h e 
f u n c t i o n and c o n s i d e r i n g each p a t c h and i t s n e i g h b o u r s . 
G e n e r a l l y , t h e p a t c h e s a r e l a r g e r t h a n t h e a r e a s o f i n t e r e s t 
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f o r p o i n t w i s e i n t e r p o l a t i o n . 
P a t c h w i s e i n t e r p o l a t i o n i s b e s t c o n s i d e r e d as a c o n t i n u u m . 
I f t h e w h o l e a r e a i s c o v e r e d by one p a t c h , t h e n g l o b a l 
i n t e r p o l a t i o n r e s u l t s ; i f o n l y one p o i n t i s s o l v e d p e r p a t c h , 
t h e n p o i n t w i s e i n t e r p o l a t i o n r e s u l t s ; a n y w h e r e i n b e t w e e n 
t h e s e two e x t r e m e s i s c o n s i d e r e d p a t c h w i s e i n t e r p o l a t i o n . 
P i e c e w i s e i n t e r p o l a t i o n must be c o n s i d e r e d i n c o n j u n c t i o n w i t h 
p a t c h w i s e m e t h o d s , s i n c e t h e t e c h n i q u e i s e q u i v a l e n t t o 
p a t c h w i s e i n t e r p o l a t i o n c o n f i n e d t o one d i m e n s i o n . 
T h ere a r e s e v e r a l a d v a n t a g e s g a i n e d f r o m u s i n g p a t c h w i s e 
i n t e r p o l a t i o n - P a t c h w i s e i n t e r p o l a t i o n r e p r e s e n t s a c o m p r o m i s e 
b e t w e e n t h e p o i n t w i s e and g l o b a l i n t e r p o l a t i o n m e t h o d s . 
G e n e r a l l y , l o w - o r d e r f u n c t i o n s a r e u s e d i n p a t c h w i s e m e t h o d s , 
r e s u l t i n g i n f e w e r unknowns b e i n g s o l v e d s i m u l t a n e o u s l y t h a n 
i n g l o b a l m e t h o d s and, s i n c e f e w e r e q u a t i o n s a r e e s t a b l i s h e d 
t h a n w i t h p o i n t w i s e m e t h o d s , f e w e r s o l u t i o n s a r e r e q u i r e d . 
Once t h e unknowns a r e s o l v e d , t h e d e r i v e d p o i n t s may be 
computed more r a p i d l y t h a n i n g l o b a l m e t h o d s . T h u s , f o r t h e 
same d e g r e e o f s u r f a c e d e t a i l , p a t c h w i s e i n t e r p o l a t i o n i s more 
e f f i c i e n t i n t e r m s o f t i m e and memory r e q u i r e m e n t s t h a n a r e 
g l o b a l m e t h o d s , and i s more t i m e - e f f i c i e n t t h a n p o i n t w i s e 
methods . 
Use o f t h e method a l s o has d i s a d v a n t a g e s . I t r e q u i r e s much 
more o r g a n i s a t i o n o f t h e d a t a and o f t h e p r o c e s s i n g t h a n do 
p o i n t w i s e o r g l o b a l m e t h o d s . An e f f i c i e n t p o i n t s t o r a g e scheme 
i s s t i l l r e q u i r e d and r e c o m p u t a t i o n o f s e v e r a l p a t c h e s may be 
r e q u i r e d i f new p o i n t s a r e added. A d d i t i o n a l l y , t h e 
s u b d i v i s i o n o f t h e s u r f a c e i n t o p a t c h e s r e q u i r e s c a r e f u l 
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o r g a n i s a t i o n . I n g e n e r a l , t h e f u n c t i o n i s s e n s i t i v e t o p o o r 
d a t a d i s t r i b u t i o n i n p a t c h c o r n e r s . I f p o o r p o i n t d i s t r i b u t i o n 
o c c u r s , t h e n t h e p r o b l e m o f ' c r a c k s ' o c c u r s a t t h e b o u n d a r y o f 
t h e two p a t c h e s (e.g. M o r r i s o n , 1 9 7 1 ) . 
Two i n t e r - p a t c h b o u n d a r y s i t u a t i o n s o c c u r . P a t c h e s may have 
matched b o u n d a r i e s , w h ere c r a c k s may be a v o i d e d by i m p o s i n g 
some m a t h e m a t i c a l c o n s t r a i n t s on t h e f u n c t i o n u t i l i s e d , s u c h 
as s p l i n i n g and e n f o r c i n g g e n e r a l c o n t i n u i t y o f t h e f i r s t 
d e r i v a t i v e . A l t e r n a t i v e l y , c o n t i g u o u s p a t c h e s may have some 
common o v e r l a p p i n g a r e a ; t h e s i z e o f any r e s u l t a n t c r a c k t h e n 
g e n e r a l l y has an i n v e r s e c o r r e l a t i o n w i t h t h e number o f p o i n t s 
and t h e i r d i s t r i b u t i o n w i t h i n s u c h an o v e r l a p . Even w i t h l a r g e 
o v e r l a p s , p r o b l e m s may o c c u r and t h u s i m p o s e d c o n s t r a i n t s o f 
some t y p e a r e r e q u i r e d . B r a k e r ( 1 9 7 5 ) has c o n s i d e r e d s u c h 
c o n s t r a i n t s and c l a s s i f i e d them as f o l l o w s ; ' f u n c t i o n a l l y 
e x p l i c i t c o n s t r a i n t s ' a r e where a l a r g e number o f unknowns a r e 
used i n t h e c o m p u t a t i o n , ' f u n c t i o n a l l y i m p l i c i t c o n s t r a i n t s ' 
a r e where t h e s u r f a c e i s r e p r e s e n t e d by t r i a n g l e s and 
q u a d r i l a t e r a l s and hence where d i s j o i n t s a r e p o s s i b l e , and 
' s t a t i s t i c a l c o n s t r a i n t s ' a r e where r e s i d u a l s a t t h e d a t a 
p o i n t s a r e k e p t t o a minimum. 
2.4.1.1.4 H y b r i d I n t e r p o l a t i o n . 
Many h y b r i d m ethods o f i n t e r p o l a t i o n have been d e r i v e d i n 
an a t t e m p t t o c o m b i n e t h e a d v a n t a g e s o f t h e d i f f e r e n t 
t e c h n i q u e s . Some b e g i n by d e f i n i n g l o c a l i s e d a r e a s and 
c o m b i n i n g t h e s e t o g i v e a more g l o b a l method ( s e e F i g u r e 
2.9e)j t h e s e come u n d e r t h e t i t l e , 'Summation o f s u r f a c e s ' , 
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f o r e xample m u l t i q u a d r i c a n a l y s i s ( H a r d y , 1 9 7 1 , 1 9 7 2 a ) , 
A r t h u r ' s f u n c t i o n o f many v a r i a b l e s ( A r t h u r , 1965, 1973) and 
l i n e a r p r e d i c t i o n ( S c h u t , 1 9 7 4 ) . I n t h e s e f u n c t i o n s , a s e r i e s 
o f s p e c i a l i s e d l o w - o r d e r f u n c t i o n s a r e f i t t e d i n a f a s h i o n 
s i m i l a r t o p o i n t w i s e o r p a t c h w i s e t e c h n i q u e s . W i t h i n 
m u l t i q u a d r i c a n a l y s i s , t h e p r e c i s e f o r m o f t h e f u n c t i o n may be 
based on an a p r i o r i k n o w l e d g e o f t h e d a t a and s u r f a c e . The 
i n t e r p o l a t e d p o i n t s a r e d e r i v e d f r o m a s e r i e s o f f u n c t i o n s 
w h i c h a r e w e i g h t e d and summed, t h u s i n t r o d u c i n g some f o r m o f 
p a t c h w i s e o r g l o b a l r a n g e . 
A l t e r n a t i v e l y , as i n C o l e ' s P r o g r e s s i v e L i n e a r F i t ( C o l e , 
J o r d a n and M e r r i a m , 1967 and C o l e , 1 9 6 9 ) , a g l o b a l f i t may be 
f i r s t e s t a b l i s h e d and f u r t h e r p r o c e s s e d a t a l o c a l l e v e l ( s e e 
F i g u r e 2 . 9 f ) . T h i s g e n e r a l l y u t i l i s e s a l o w - o r d e r g l o b a l 
p o l y n o m i a l and s u c c e s s i v e l o w - o r d e r l o c a l p o l y n o m i a l s . 
However, none o f t h e s e t a k e i n t o a c c o u n t any a p r i o r i 
k n o w l e d g e o f t h e s u r f a c e , f o r e x a m p l e , o v e r a l l o r i e n t a t i o n o f 
t h e t o p o g r a p h y i f l i n e a t e d . 
2.4.1.2 I n t e r p o l a t i o n F u n c t i o n -
A l t h o u g h t h e r e a r e many i n t e r p o l a t i o n f u n c t i o n s u s e d i n 
d i g i t a l m o d e l l i n g , t h e y a r e , when c a r e f u l l y e x a m i n e d , a l l 
d e r i v e d f r o m t h r e e b a s i c c l a s s e s . The m a j o r p a r t o f t h i s 
d i s c u s s i o n w i l l c o n c e r n t h e two most common t e c h n i q u e s , t h o s e 
based on some f o r m o f mean o r a v e r a g i n g p r o c e s s , and t h o s e 
w h i c h use some f o r m o f p o l y n o m i a l . The use o f t r i g o n o m e t r i c 
s e r i e s i s m o s t l y c o n f i n e d t o g l o b a l t r e n d s u r f a c i n g and m a c r o -
s c a l e m o d e l l i n g . 
INTERPOLATION 
53 
2 . A•1.2.1 A v e r a g i n g . 
"The c h i e f a d v a n t a g e s o f t h i s t e c h n i q u e . . ( w e i g h t e d 
a v e r a g e ) . , a r e t h a t i t a l w a y s p r e d i c t s r e a s o n a b l e h e i g h t s 
and t h a t t h e i n t e r p o l a t e d s u r f a c e a l w a y s p a s s e s t h r o u g h 
t h e c o n t r o l p o i n t s " ( C o n n e l l y , 1 9 7 1 , 5 9 ) . 
A v e r a g i n g o r a r i t h m e t i c m e aning i s t h e most p o p u l a r method 
us e d i n p o i n t w i s e I n t e r p o l a t i o n . The f o r m u l a f o r t h e p r o c e s s 
I s 
w h e r e z = t h e v a l u e o f t h e p o i n t b e i n g i n t e r p o l a t e d , 
w- = t h e w e i g h t i n g f a c t o r f o r each d a t a p o i n t , 
z. = e i t h e r t h e d a t a p o i n t v a l u e o r , more 
p o p u l a r l y , some d e r i v e d e s t i m a t e , 
n = t h e s e l e c t e d sample s i z e a r o u n d t h e 
i n t e r p o l a t e d p o i n t . 
The most b a s i c v e r s i o n o f t h e f o r m u l a i n c l u d e s no w e i g h t i n g 
f a c t o r ( i . e . a c o n s t a n t i m p l i c i t w e i g h t i n g f a c t o r o f 1) and 
r e p r e s e n t s a s i m p l e a r i t h m e t i c mean o f t h e s u r r o u n d i n g d a t a 
p o i n t s . However, as n e a r e r n e i g h b o u r s a r e g e n e r a l l y more 
c o r r e l a t e d i n v a l u e t h a n a r e d i s t a n t n e i g h b o u r s , some 
w e i g h t i n g f a c t o r may be added ( s e e 2 . 4 . 1 . 4 ) . By d e f i n i t i o n , 
t h i s f u n c t i o n w i l l o n l y c r e a t e v a l u e s w i t h i n t h e r a n g e o f t h e 
d a t a p o i n t s l o c a l l y a v e r a g e d , and t h u s t h e a v e r a g e must be 
a l t e r e d i f v a l u e s o u t s i d e t h e l o c a l r a n g e o f t h e d a t a a r e t o 
be g e n e r a t e d . S e v e r a l a p p r o a c h e s e x i s t t o t h e i n c o r p o r a t i o n o f 
o u t - o f - r a n g e v a l u e s . I n one o f t h e more p o p u l a r a p p r o a c h e s , 
t h e z-t v a l u e s u s e d a r e d e r i v e d f r o m a f i r s t - o r s e c o n d - o r d e r 
p o l y n o m i a l s u r f a c e f i t t e d a t each d a t a p o i n t t o t h e i r l o c a l 
d a t a p o i n t s , and s o l v e d a t t h e i n t e r p o l a t e d p o i n t . These 
s u r f a c e s a r e p r o v i s i o n a l l y d e r i v e d b e f o r e t h e g r i d 
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i n t e r p o l a t i o n t a k e s p l a c e , g e n e r a l l y by a t e c h n i q u e s i m i l a r t o 
t h e s u b s e q u e n t g r i d i n t e r p o l a t i o n , and c o n s t r a i n e d so t h a t 
t h e y pass t h r o u g h t h e d a t a p o i n t . T h i s t w o - s t a g e i n t e r p o l a t i o n 
has t h e e f f e c t t h a t s i n c e may l i e o u t s i d e t h e r a n g e o f t h e 
d a t a p o i n t s u t i l i s e d ^ t h e mean may a c c o r d i n g l y be o u t s i d e t h e 
r a n g e o f t h e l o c a l d a t a p o i n t s . 
One o f t h e most a p p a r e n t l y c o m p l e x y e t i n h e r e n t l y s i m p l e 
v a r i a t i o n s o f t h e w e i g h t e d a v e r a g i n g m e t h od i s t h a t o f 
k r i g i n g . The t e r m k r i g i n g has e v o l v e d i n h o n o u r o f D.G. K r i g e , 
a S o u t h A f r i c a n s t a t i s t i c i a n and m i n i n g g e o l o g i s t who f i r s t 
u sed t h e method i n t h e K l e r k s d o r p g o l d f i e l d ( K r i g e , 1 9 6 6 ) . 
Though i t i s i m p o s s i b l e t o a s s e s s k r i g i n g c o m p r e h e n s i v e l y i n a 
few p ages, a b r i e f a p p r a i s a l i s g i v e n b e l o w . 
K r i g i n g i s d e r i v e d f r o m t h e t h e o r y o f r e g i o n a l i s e d 
v a r i a b l e s and t h e c o n c e p t t h a t a r e g i o n a l i s e d v a r i a b l e i s one 
t h a t v a r i e s f r o m p l a c e t o p l a c e w i t h a p p a r e n t c o n t i n u i t y , , y e t 
c a n n o t be r e p r e s e n t e d by a w o r k a b l e f u n c t i o n ( M a t h e r o n , 1 9 7 1 ) . 
I n i t i a l l y , t h e v a r i a n c e o f t h e d a t a i s e v a l u a t e d and 
c o - v a r i a n c e a l o n g s p e c i f i c a l l y o r i e n t a t e d l i n e s i s 
e s t a b l i s h e d . From t h e s e , t h e s e m i v a r i a n c e and i t s g r a p h , t h e 
v a r i o g r a m , a r e d e r i v e d - O r d i n a r i l y , a t l e a s t t h r e e v a r i o g r a m s 
a r e c o n s t r u c t e d , two o r t h o g o n a l ones and a t h i r d b i s e c t i n g 
them. K r i g i n g i s t h e n t h e p r o c e s s o f e s t i m a t i n g t h e v a l u e o f a 
s p a t i a l l y d i s t r i b u t e d v a r i a b l e f r o m a d j a c e n t v a l u e s w h i l e 
c o n s i d e r i n g t h e s e v a r i o g r a m s w h i c h e x p r e s s t h e d a t a 
i n t e r - d e p e n d e n c e . 
UNIVERSAL KRIGING ( H u i j b r e g t s and M a t h e r o n , 1 9 7 0 ) i s t h e 
most g e n e r a l f o r m o f o p e r a t i o n , i n w h i c h t r e n d s and 
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n o n - s t a t i o n a r i t y a r e p r e s e n t and t h e i n t e r p o l a t i o n o f p o i n t s 
i s e s t i m a t e d f r o m i r r e g u l a r l y d i s t r i b u t e d d a t a . I f i t may be 
assumed t h a t t h e d a t a a r e s t a t i o n a r y , t h e method may be 
s i m p l i f i e d , and t h i s i s t e r m e d s i m p l y KRIGING. PUNCTUAL 
KRIGING ( O l e a , 1972 and 1974) assumes i n a d d i t i o n t h a t t h e 
d a t a a r e i s o t r o p i c i . e . t h a t t h e t h r e e v a r i o g r a m s a r e 
e q u i v a l e n t , and t h a t t h e d a t a a r e e q u i - s p a c e d p o i n t s on a 
g r i d . New p o i n t s may be i n t e r p o l a t e d by a w e i g h t e d a v e r a g e 
m e t h o d , t h e w e i g h t s b e i n g d e r i v e d f r o m f u n c t i o n s f i t t e d t o t h e 
v a r i o g r a m s ( 2 . 4 . 1 . 4 ) . M a n i f e s t l y , s i n c e a r e g u l a r g r i d i s 
r e q u i r e d i n i t i a l l y , t h i s c a n n o t be c o n s i d e r e d a f o r m o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n ! 
2.4.1-2.2 P o l y n o m i a l s . 
P o l y n o m i a l s a r e t h e b a s i s f o r t h e most p o p u l a r t y p e s o f 
f u n c t i o n i n g l o b a l and p a t c h w i s e methods o f i n t e r p o l a t i o n . 
D a v i s ( 1 9 7 3 ) c l a i m e d t h a t t h e i r p o p u l a r i t y i s due p r i m a r i l y t o 
t h e ease w i t h w h i c h t h e f u n c t i o n may be c o m p u t e d , w h i l e a l s o 
due t o t h e g e n e r a l l y s a t i s f a c t o r y f i t t h a t may be o b t a i n e d 
e ven w i t h l o w e r - o r d e r f u n c t i o n s . W h i l e t h e p r e c i s e f o r m u l a may 
be r e l a t i v e l y c o m p l e x , e s s e n t i a l l y i t i n v o l v e s some a s s u m p t i o n 
and t h e g e n e r a l f o r m u l a : 
z = a e O o r d e r p l a n a r 
+a, x + a 2 y 1 o r d e r l i n e a r 
2 o r d e r +a, x +a y +a_xy 
3 o r d e r +a(> x J + a ^ y J + a 8 x*-y+a. x y 
+aloxb +a | ( y* + a , i x 3 y + a 1 } x l y l + a xy 4 o r d e r 
q u a d r a t i c 
c u b i c 
q u a r t i c 
+e t c . 
where z = t h e v a l u e o f t h e p o i n t b e i n g d e r i v e d , 
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a o j . . . ^ a , ^ » t h e c o e f f i c i e n t s , 
x , y = t h e x and y c o - o r d i n a t e s o f t h e p o i n t . 
The number o f c o e f f i c i e n t s may be c a l c u l a t e d f r o m t h e g e n e r a l 
f o r m u l a , 
n = ( ( o r d e r + 1 ) . ( o r d e r + 2 ) / 2 ) . 
As a g e n e r a l ' r u l e - o f - t h u m b ' , p o i n t w i s e i n t e r p o l a t i o n i n v o l v e s 
o r d e r s 0 and 1, p a t c h w i s e and h y b r i d i n t e r p o l a t i o n o r d e r s 1,2 
and 3, and g l o b a l i n t e r p o l a t i o n f r o m f o u r t h - t o t e n t h - o r d e r s -
T h e r e a r e s e v e r a l s p e c i a l i s e d p o l y n o m i a l t e c h n i q u e s w h i c h 
a r e w o r t h y o f b e i n g e x a m i n e d more f u l l y . 
2»-4* 1 . 2 . 2 . 1 M u l t i q u a d r i c a n a l y s i s . 
A c o n c i s e d e f i n i t i o n o f m u l t i q u a d r i c a n a l y s i s i s g i v e n by 
Hardy 
" M u l t i q u a d r i c a n a l y s i s i s a m e t h o d o f d e r i v i n g 
e q u a t i o n s o f i r r e g u l a r s u r f a c e s f r o m a s u m m a t i o n o f 
r e g u l a r s u r f a c e s , each a s s o c i a t e d w i t h a p a r t i c u l a r 
c o - o r d i n a t e d c o n t r o l p o i n t i n t h e i r r e g u l a r s u r f a c e " 
( H a r d y , 1972b, 3 9 8 ) . 
The t h e o r y o f m u l t i q u a d r i c a n a l y s i s i s b a s e d on t h e 
m u l t i p l e d e r i v a t i o n o f q u a d r i c s . A q u a d r i c i s a l o c u s i n 
t h r e e - d i m e n s i o n a l space d e f i n e d by a q u a d r a t i c e q u a t i o n i n x, 
y, and z, i . e . an e q u a t i o n o f t h e f o r m 
a x z + a y*~ + a z r + 2a yz + 2a zx + 2a^xy o i T_ 3 4 s 
+ 2a x + 2a y + 2a z + a„ = 0 , 
where x , y , z = t h e t h r e e - d i m e n s i o n a l c o - o r d i n a t e s 
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o f a p o i n t , 
a Q , - . • , a^ = t h e c o n s t a n t s . 
E s s e n t i a l l y , t h e p o s s i b l e r e s u l t i n g s u r f a c e s may be t e r m e d 
d e g e n e r a t e o r n o n - d e g e n e r a t e . The g e n e r a t e c a s e s i n c l u d e t h e 
cone and c y l i n d e r . A l t e r n a t i v e l y , t h e r e a r e f i v e 
n o n - d e g e n e r a t e q u a d r i c s : t h e e l l i p s o i d j h y p e r b o l o i d o f one 
s h e e t and two s h e e t s ; h y p e r b o l i c p a r a b o l o i d and t h e e l l i p t i c 
o r c i r c u l a r p a r a b o l o i d . V a r i o u s w o r k e r s ( B r o o k s , 1970$ H a r d y , 
1971 and 1972a and Shaw and L y n n , 1 972) have p o p u l a r i s e d t h i s 
a p p r o a c h a n d , by u s i n g a h y b r i d a p p r o a c h i n v o l v i n g s u m m a t i o n s 
o f l o c a l q u a d r i c s c e n t r e d on each d a t a p o i n t , t h e y have 
o b t a i n e d v e r y p r o m i s i n g r e s u l t s . 
I n t h e g e n e r a l f o r m u l a , H ardy ( 1 9 7 5 ) r e p r e s e n t s h i s 
m u l t i q u a d r i c s u r f a c e by 
n 
2} a L (q ( x . yc , x , y , ) ) = z , 
i t I 
w h e r e z = a f u n c t i o n o f x and y 
r e s u l t I n g f rom t h e s u m m a t i o n 
o f a s i n g l e c l a s s o f q u a d r i c 
s u r f a c e s q, 
x ^  , y^ = t h e l o c a t i o n o f t h e 
v e r t i c a l a x i s o f s y m m e t r y o f 
ea c h q u a d r i c t e r m , 
n ™ t h e number o f p o i n t s , 
a^ = t h e c o e f f i c i e n t w h i c h 
d e t e r m i n e s t h e a l g e b r a i c 
s i g n and f l a t n e s s o f t h e 
q u a d r i c t e r m . 
From t h i s , t h e f o l l o w i n g q u a d r i c s a r e commonly 
d e r i v e d . 
INTERPOLATION 
58 
1 ) i a . C C x . - x ) 1 +(y. -y ) Z +a )* " - z , 
i t i 
A s e r i e s o f c i r c u l a r h y p e r b o l o i d s ; 
2) £ aL ( ( x - - x f + ( y L - y f +a ) = z, 
A s e r i e s o f c i r c u l a r p a r a b o l o i d s ; 
«> 
3 ) £ a L ( ( x - - x ) X + a ) ' / l = z, 
A s e r i e s o f h y p e r b o l o i d s e c t i o n s ; 
A s e r i e s o f c o n e s ; 
where a = an a r b i t r a r y c o n s t a n t . 
W i t h t h i s m ethod, t h e r e a r e two m a i n d i s a d v a n t a g e s . As a 
q u a d r i c i s c e n t e r e d on each o f t h e d a t a p o i n t s , i t i s c l e a r 
t h a t , t o r e p r e s e n t t h e s u r f a c e c o r r e c t l y , t h e d a t a s h o u l d 
a l w a y s be l o c a t e d on t h e peaks o r d e p r e s s i o n s o f t h e s u r f a c e s 
as i s d e s i r a b l e when u s i n g t h e a v e r a g i n g p r o c e s s . I n 
a d d i t i o n , by t h e v e r y n a t u r e o f t h e c o m p u t a t i o n , a m a t r i x must 
be i n v e r t e d whose d i m e n s i o n s a r e e q u i v a l e n t t o t h e number o f 
d a t a p o i n t s . N a t u r a l l y p r o b l e m s o f c o m p u t e r s t o r a g e and t i m e 
o c c u r as t h e number o f d a t a p o i n t s i n c r e a s e s , and t h i s 
e v e n t u a l l y r e s t r i c t s t h e s i z e o f t h e i n p u t d a t a s e t . T h i s 
method has t h e r e f o r e l ow t i m e - and s t o r a g e - e f f i c i e n c y . 
2.A.1.2.2.2 S p l i n e s . 
The m a t h e m a t i c a l s p l i n e i s d i r e c t l y a n a l o g o u s t o t h e d e v i c e 
used by d r a u g h t s m e n t o draw a smooth c u r v e ( A h l b e r g , N i l s o n 
and W a l s h , 1967 and G r e v i l l e , 1 9 6 7 ) . T h i s c o n s i s t s o f a s t r i p 
o r r o d o f some f l e x i b l e m a t e r i a l , t o w h i c h w e i g h t s a r e 
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a t t a c h e d s o t h a t i t c a n be c o n s t r a i n e d t o p a s s t h r o u g h o r n e a r 
c e r t a i n p l o t t i n g p o i n t s . I t h a s b e e n s h o w n t h a t t h e c u r v e 
p r o d u c e d b y a s p l i n e i s a c u b i c s p l i n e f u n c t i o n ( S c h o e n b e r g , 
1 9 4 6 ) . 
The s p l i n e i s a p i e c e w i s e p o l y n o m i a l f u n c t i o n s a t i s f y i n g 
c e r t a i n c o n d i t i o n s r e g a r d i n g c o n t i n u i t y o f t h e f u n c t i o n a n d 
i t s d e r i v a t i v e s . I n a s t r i c t l y i n c r e a s i n g s e q u e n c e o f r e a l 
n u m b e r s x ( , x a , . . . 7 x n a s p l i n e f u n c t i o n S ( x ) o f d e g r e e m w i t h 
k n o t s x , , x ^ } • • • x n i s a f u n c t i o n d e f i n e d o n t h e e n t i r e r e a l 
l i n e h a v i n g t h e p r o p e r t i e s t h a t , 
- i n e a c h i n t e r v a l ( x ^ , x w ) f o r i = 0 ? n , S ( x ) 
i s g i v e n b y some p o l y n o m i a l o f d e g r e e m o r l e s s , 
- S ( x ) a n d i t s d e r i v a t i v e o f o r d e r s 1 , 2 } . . . } m-1 
a r e c o n t i n u o u s e v e r y w h e r e . 
W h i l e , i n g e n e r a l ^ S ( x ) i s g i v e n b y d i f f e r e n t p o l y n o m i a l s 
i n a d j o i n i n g i n t e r v a l s , t h e d e f i n i t i o n d o e s n o t r e q u i r e t h i s 
a n d may be g i v e n b y a s i n g l e p o l y n o m i a l o n t h e e n t i r e r e a l 
l i n e . T h u s t h e g e n e r a l o n e - d i m e n s i o n a 1 f o r m o f t h e s p l i n e S ( x ) 
o f d e g r e e m w i t h t h e k n o t s x / f x t , . . . 7 x n i s 
S ( x ) = p ( x ) + 2 a : ( x - x L ) ^ , 
CM 
w h e r e p £ 
d e n o t e s t h e c l a s s o f p o l y n o m i a l s 
o f d e g r e e m o r l e s s , ( G r e v i l l e , 1 9 6 9 ) . 
As w i t h t h e b a s i c p o l y n o m i a l t h e o r d e r a n d d i m e n s i o n a l i t y 
a r e i n f i n i t e l y f l e x i b l e , t h e i r c h o i c e b e i n g l i n k e d t o t h e 
a p p l i c a t i o n . I n i s a r i t h m i n t e r p o l a t i o n , w h e n t h e a c t u a l 
i s a r i t h m h a s t o be s m o o t h e d , f r e q u e n t l y a o n e - d i m e n s i o n a l 
p i e c e w i s e c u b i c s p l i n e i s u t i l i s e d ( M c C o n a l o g u e , 1 9 7 0 a n d 
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C l i n e , 1 9 7 4 a a n d 1 9 7 4 b ) . I n s u r f a c e I n t e r p o l a t i o n , 
b i - d i m e n s i o n a 1 p a t c h w i s e q u a d r a t i c s p l i n e s a r e o f t e n u s e d 
a l t h o u g h , m o r e f r e q u e n t l y , t h e c u b i c s p l i n e i s s e l e c t e d ( H a y e s 
a n d H a l l i d a y , 1 9 7 2 ) . V e r y r a r e l y i n s u r f a c e m o d e l l i n g a r e 
f o u r t h - a n d h i g h e r - o r d e r s p l i n e s u s e d , b u t t h i s i s i n h e r e n t l y 
p o s s i b l e i n t h e f u n c t i o n r a n g e . B i - d i m e n s i o n a 1 s p l i n e s a r e 
o n l y u s e d i n p a t c h w i s e i n t e r p o l a t i o n w h e n c o n t i n u i t y a c r o s s 
p a t c h e s i s r e q u i r e d (e^g. H o l r o y d a n d B h a t t a c h a r y y a , 1 9 7 0 a n d 
D a v i s a n d D a v i d , 1 9 8 0 ) . 
T h e r e a r e f u r t h e r m u t a t i o n s o f t h e n a t u r a l s p l i n e . H a y e s 
a n d H a l l i d a y ( 1 9 7 2 ) c o n s i d e r t h e ' B - s p l i n e ' ( o r F u n d a m e n t a l 
s p l i n e ) , w h i c h h a s n o n - z e r o g r a d i e n t o n l y o v e r f o u r a d j a c e n t 
i n t e r v a l s b e t w e e n k n o t s , t o be s u p e r i o r f o r s u r f a c e m o d e l l i n g . 
H a r t l e y a n d J u d d ( 1 9 8 0 ) d e r i v e ' B e z i e r ' s p l i n e s , a n e x t e n s i o n 
o f b i - d i m e n s i o n a l B - s p l i n e s , a n d c o n s i d e r t h e m s u p e r i o r f o r 
e n g i n e e r i n g d e s i g n m o d e l l i n g . I n g e n e r a l a n d i r r e s p e c t i v e o f 
t h e t y p e o f s p l i n e ? t h e s p l i n e s a r e a p i e c e - o r p a t c h w i s e 
m e t h o d a l l o w i n g s m o o t h n e s s o f s u r f a c e o r l i n e f i t t o l o c a l i s e d 
d a t a . 
2 . 4 . 1 . 2 . 2 . 3 O r t h o g o n a l p o l y n o m i a l s . 
O r t h o g o n a l p o l y n o m i a l s a r e f r e q u e n t l y u t i l i s e d i n 
p r e f e r e n c e t o n o n - o r t h o g o n a 1 p o l y n o m i a l s . When n o r m a l 
n o n - o r t h o g o n a l p o l y n o m i a l s a r e u s e d t w o p r o b l e m s o f t e n o c c u r . 
The f i r s t i s t h a t n o r m a l e q u a t i o n s i n t h e a p p r o x i m a t i o n 
f r e q u e n t l y b e c o m e i l l - c o n d i t i o n e d c a u s i n g p r o b l e m s i n t h e i r 
s o l u t i o n w h i c h l e a d t o e r r o r s i n t h e r e s u l t s . E d w a r d s c l a i m s 
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t h a t 
" p r o b l e m s o f i 1 1 ~ c o n d i t i o n i n g c a n be o v e r c o m e by t h e 
u s e o f o r t h o g o n a l p o l y n o m i a l s ( E d w a r d s , 1 9 7 2 , 5 8 6 ) . 
M o r e i m p o r t a n t l y , i t c a u s e s s e r i o u s p r o b l e m s i n c o m p u t e r 
p r o c e s s i n g , as by i n c r e a s i n g t h e n u m b e r o f p o i n t s a n d 
( e s p e c i a l l y ) t h e o r d e r o f t h e p o l y n o m i a l , t h e r e i s a 
c o n s i d e r a b l e i n c r e a s e i n t h e c o m p u t i n g t i m e a n d s t o r a g e 
r e q u i r e d . The u s e o f o r t h o g o n a l p o l y n o m i a l s s o l v e s b o t h o f 
t h e s e d i f f i c u l t i e s . 
O r t h o g o n a l p o l y n o m i a l s may be o b t a i n e d i n many w a y s , 
a l t h o u g h t h e G r a m - S c h m i d t o r t h o g o n a l i s a t i o n p r o c e d u r e i s 
f r e q u e n t l y u s e d ( C o n t e a n d de B o o r , 1 9 7 2 a n d F o r s y t h e , 1 9 5 7 ) . 
L e t ( a ? b ) be a g i v e n i n t e r v a l ^ a n d l e t w ( x ) be a g i v e n 
f u n c t i o n d e f i n e d ( a t l e a s t ) o n ( a , b ) a n d p o s i t i v e t h e r e . The 
s c a l a r p r o d u c t < g , h > o f a n y t w o f u n c t i o n s g ( x ) a n d h ( x ) 
( d e f i n e d o n ( a , b ) ) may be d e f i n e d a s , 
< g , h > = f g ( x ) . h ( x ) . w ( x ) d x 
a. 
< g , h > = J; g ( x L ) . h ( x . ).w(JCy. 
W i t h t h e s c a l a r p r o d u c t o f t w o f u n c t i o n s d e f i n e d i t may be 
s a i d t h a t t h e t w o f u n c t i o n s g ( x ) a n d h ( x ) a r e o r t h o g o n a l ( t o 
e a c h o t h e r ) i n t h e c a s e 
< g , h > =• 0. 
F u r t h e r , i t may be s a i d t h a t P o ( x ) , P, ( x ) , P^ ( x ) , . . . i s a 
( f i n i t e o r i n f i n i t e ) s e q u e n c e o f o r t h o g o n a l p o l y n o m i a l s 
p r o v i d e d t h a t P.^  ( x ) a r e a l l o r t h o g o n a l t o e a c h o t h e r a n d e a c h 
P ' ( x ) i s a p o l y n o m i a l o f e x a c t d e g r e e i ( C o n t e a n d de B o o r , 
1 9 7 2 ) . 
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2 . 4 . 1 . 2 . 2 . 4 F o u r i e r s e r i e s . 
F o u r i e r s e r i e s a r e p r o b a b l y t h e m o s t w i d e l y u s e d 
a l t e r n a t i v e f u n c t i o n t o p o l y n o m i a l s a n d a v e r a g i n g , t h e D o u b l e 
F o u r i e r f u n c t i o n b e i n g a n a l o g o u s t o t h e b i - d i m e n s i o n a l 
p o l y n o m i a 1 . 
I n t h e s i n g l e d i m e n s i o n , t h e ( s i n g l e ) F o u r i e r s e r i e s i s 
r e p r e s e n t e d b y , 
oO 
= 2i ( a k - c o s ( ^ — ) + b f c . s i n ( ^ ) , 
w h e r e z^ = t h e a m p l i t u d e a t a p o i n t x- , 
A = t h e f u n d a m e n t a l w a v e l e n g t h , 
a ^  , bj^ = c o n s t a n t s , 
7T = p i , t h e v a l u e 3 . 1 4 1 6 , 
k _ = t h e n u m b e r o f h a r m o n i c s i n t h e x - d i r e c t i o n . 
T h i s i s e a s i l y c o n v e r t e d i n t o t h e b i - d i m e n s i o n a l D o u b l e 
F o u r i e r s e r i e s . 
z i ; = ^ i l a k. . c o s ( ^ — . c o s (^Il^i-
+ t t b k L . c o s ( i ^ ) . s i n ( * ^ ) 
c k L . s i n ( _ ) - c o s ( ) 
fcl L'-\ A ' 
+ £ i d M L . s i n ( l ^ L ) . s i n ( i i n ^ ) , 
w h e r e z-. = t h e a m p l i t u d e a t a p o i n t x - , y 
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a k C ' bM. ' CM_ ' dkL = c o n s t a n t s 
\ ( ,\ z = t h e f u n d a m e n t a l w a v e l e n g t h s I n t h e 
x a n d y d i r e c t i o n s , 
k , 1 = t h e n u m b e r o f h a r m o n i c s i n t h e x 
y d i r e c t i o n s . 
T h i s i n t u r n may be s i m p l i f i e d b y s e t t i n g , 
C, - c o s C ^ J ^ ) 
c, = cos ( 3^E^i) 
S. - s i n ( ^ K ^ ) 
A i 
S L = s i n ( ^ i - ) 
a n d r e w r i t t e n a s , 
*i± - 1 2 ( a k L c k c L + b | c L c k s L + c k ( _ s f c c L + d k L s k s L ) . 
T h i s i s e x p r e s s e d m o r e o b j e c t i v e l y i n F i g u r e 2 . 1 1 . 
When t h e h a r m o n i c o f a p a r t i c u l a r t e r m i s z e r o , t h e s i n e i s 
z e r o a n d t h e c r o s s - p r o d u c t v a n i s h e s ( s e e t h e s h a d e d a r e a i n 
F i g u r e 2 . 1 1 ) . T h u s , a s s u m i n g e q u a l h a r m o n i c s i n b o t h 
c o - o r d i n a t e a x e s d i r e c t i o n s , b l o c k 0 ( z e r o h a r m o n i c s i n b o t h 
d i r e c t i o n s ) r e q u i r e s 1 c o e f f i c i e n t t o be s o l v e d j b l o c k 1 ( o n e 
h a r m o n i c i n e a c h d i r e c t i o n ) r e q u i r e s 8 a d d i t i o n a l 
c o e f f i c i e n t s ; b l o c k 2 ( t w o h a r m o n i c s i n e a c h d i r e c t i o n ) 
r e q u i r e s 16 a d d i t i o n a l c o e f f i c i e n t s , e t c . The n u m b e r o f 
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F igu re 2.11 Double Fourier series coe f f i c ien ts arranged according 
to wavelength. Shaded coe f f i c ien ts are zero, ( a f t e r James, 1966) 
x Harmonics 
> n 
Number of coe f f i c ien ts 
Order/Harmonics Polynomial Fourier 
0 1 1 
1 3 9 
2 6 25 
3 10 49 
4 15 81 
5 21 121 
Table 2.1 Comparison of number of coe f f i c ien ts in polynomial 
and Fourier ser ies . 
6 5 
c o e f f i c i e n t s t h e r e f o r e i n c r e a s e s d r a m a t i c a l l y f a s t e r t h a n f o r 
i n c r e a s i n g p o l y n o m i a l o r d e r ( T a b l e 2 . 1 ) . T h i s r e p r e s e n t s a 
m a j o r d i s a d v a n t a g e i n t h e s o l u t i o n o f F o u r i e r s e r i e s , i m p o s i n g 
s e v e r e d e m a n d s o n c o m p u t e r memory a n d i n r o u n d - o f f e r r o r s 
w h i c h b e c o m e i n c r e a s i n g l y t r o u b l e s o m e i n t h e i n v e r s i o n o f t h e 
n e c e s s a r i l y l a r g e m a t r i c e s . The d e v e l o p m e n t o f t h e F a s t 
F o u r i e r T r a n s f o r m ( F F T ) , a n a l g o r i t h m r e s u l t i n g i n a m a n i f o l d 
r e d u c t i o n o f c o m p u t a t i o n a l t i m e a n d m a k i n g t h e a n a l y s i s o f 
l a r g e d a t a s e t s p r a c t i c a l ( B a r r e t t a n d R h i n d , 1 9 7 4 ) , h a s 
t h e r e f o r e b e e n o f c o n s i d e r a b l e s i g n i f i c a n c e . 
D a v i s s t a t e s t h a t F o u r i e r s e r i e s a r e ; 
" m o r e a p p r o p r i a t e a p p r o x i m a t i n g f u n c t i o n s t h a n p o w e r 
s e r i e s p o l y n o m i a l s i f t h e d a t a seem t o c o n t a i n s p a t i a l l y 
r e p e t i t i v e e l e m e n t s " ( D a v i s , 1 9 7 3 , 3 6 4 ) . 
Some n a t u r a l s u r f a c e s h a v e p e r i o d i c i t y , b u t o f t e n t h i s i s 
r e s t r i c t e d t o a f e w s i t u a t i o n s a t a l i m i t e d n u m b e r o f s c a l e s 
(e.g. d r u m l i n s a t s m a l l s c a l e , f o l d m o u n t a i n s a t a l a r g e s c a l e 
a n d o u t s i d e t h e s t u d y o f t o p o g r a p h y , t h e E a r t h ' s m a g n e t i c 
f i e l d i n m a c r o - s c a l e m o d e l l i n g ) . T h e m a j o r i t y o f n a t u r a l 
s u r f a c e s h a v e no o b v i o u s p e r i o d i c i t y , a n d t h u s i t i s f e l t t h a t 
F o u r i e r s e r i e s h a v e l i t t l e p l a c e i n t h i s t h e s i s a s r e g a r d s 
i n t e r p o l a t i o n a n d h a v e t h e r e f o r e n o t b e e n e x a m i n e d f u r t h e r . 
H o w e v e r , t h e i r u s e i s d i s c u s s e d f u r t h e r i n t h e c o n t e x t o f 
s p e c t r a l a n a l y s i s ( s e e 4 . 3 . 4 ) . 
2 . 4 . 1 . 3 F i t . 
I n o r d e r t o f i t a n y f u n c t i o n f ( x ? y ) t o a s a m p l e o f d a t a 
p o i n t s t h e n u m b e r o f c o e f f i c i e n t s m u s t n o t be g r e a t e r t h a n 
t h e n u m b e r o f d a t a p o i n t s . I f t h e n u m b e r o f p o i n t s m a t c h e s t h e 
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n u m b e r o f c o e f f i c i e n t s , t h e n t h e f i t i s s a i d t o be e x a c t . I f 
t h e n u m b e r o f p o i n t s i s g r e a t e r t h a n t h e n u m b e r o f 
c o e f f i c i e n t s , t h e n t h e f i t i s s a i d t o be a p p r o x i m a t e , i n w h i c h 
s i t u a t i o n t h e r e a r e t h r e e n o r m s i n m o s t f r e q u e n t u s e - The f i t s 
may be s u m m a r i s e d a s : 
2 . 4 . 1 . 3 . 1 E x a c t F i t . 
E x a c t f i t s a r e m o s t p o p u l a r i n p o i n t w i s e a n d g e n e r a l l y 
l o w - o r d e r i n t e r p o l a t i n g f u n c t i o n s , w h e r e t h e v a l u e o f t h e 
f u n c t i o n a t t h e d a t a p o i n t i s e q u i v a l e n t t o t h e o b s e r v e d 
v a l u e , i . e . 
= o> 
w h e r e E-= t h e e r r o r a t p o i n t i , 
z< = t h e o b s e r v a t i o n a t p o i n t i , 
f ( x o , y^ ) ** t h e c o m p u t e d v a l u e a t p o i n t i . 
2 . 4 . 1 . 3 . 2 A p p r o x i m a t e F i t . 
A p p r o x i m a t e f i t s a r e m o s t p o p u l a r i n g l o b a l a n d p a t c h w i s e 
i n t e r p o l a t i o n w h e r e d a t a r e d u n d a n c y o c c u r s o r i s a s s u m e d t o 
o c c u r , a n d t h u s t h e f u n c t i o n f ( x , y ) a s s u m e s v a l u e s a t t h e d a t a 
p o i n t s a p p r o x i m a t e l y e q u a l t o t h e o b s e r v e d v a l u e s . T h e e r r o r 
o r r e s i d u a l a t e v e r y d a t a p o i n t may a g a i n be d e r i v e d f r o m 
I n o r d e r t o o b t a i n a g o o d a p p r o x i m a t i o n , t h e e r r o r s m u s t be 
k e p t w i t h i n c e r t a i n b o u n d s b y some e r r o r c r i t e r i o n ( B e r z t i s s , 
1 9 6 4 ) , a n d i n g e n e r a l t e r m s t h e m o d u l u s o f t h e e r r o r I E I 
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s h o u l d be k e p t t o a m i n i m u m . T h e r e a r e t h r e e n o r m s u s e d t o 
s a t i s f y t h i s c o n d i t i o n , i n e a c h c a s e t h e b e s t e s t i m a t e i s o n e 
s a t i s f y i n g t h e r e q u i r e m e n t - f l E I I = m i n , 
2 . 4 . 1 . 3 . 2 . 1 T h e G e r s h g o r i n n o r m s a t i s f i e s t h e r e q u i r e m e n t 
n 
I I E ! I , IEL\ 
a n d i s g e n e r a l l y l i t t l e u s e d i n d i g i t a l m o d e l l i n g . I n d e e d 
B e r z t i s s 
" i s u n a b l e t o t h i n k o f a n y t h i n g t o r e c o m m e n d t h e 
G e r s h g o r i n n o r m " ( B e r z t i s s 1 9 6 4 , 2 0 4 ) 
f o r t h e g e n e r a l p r o b l e m c o n s i d e r e d h e r e . 
2 . 4 . 1 . 3 . 2 . 2 T h e C h e b y s h e v n o r m o r ' m i n i m a x " c o n d i t i o n 
s a t i s f i e s t h e r e q u i r e m e n t 
I I E I 
loo = m a x IEl I , i™l..».«. n . 
T h i s r e d u c e s t h e m a x i m u m d e v i a t i o n t o a m i n i m u m a t t h e c o s t o f 
a n i n c r e a s e d a v e r a g e s q u a r e e r r o r , a n d t h u s i s m o r e s u i t a b l e 
t h a n t h e o t h e r a p p r o x i m a t e f i t s w h e r e t h e o b s e r v a t i o n s a r e o f 
a g r e a t e r p r e c i s i o n . H o w e v e r , i t i s o f t e n s u g g e s t e d t h a t , t h e 
d e t e r m i n a t i o n o f f ( x , y ) a c c o r d i n g t o t h e ' m i n i m a x ' c r i t e r i o n 
i s r a t h e r c o m p l i c a t e d e v e n i n o n e d i m e n s i o n ( C o n t e a n d de 
B o o r , 1 9 7 2 ) . 
2 . 4 . 1 . 3 . 2 . 3 T h e E u c l i d e a n n o r m o r ' l e a s t s q u a r e s ' c o n d i t i o n 
s a t i s f i e s t h e r e q u i r e m e n t 
H E I \ z = ( £ E ^ , 
p e r m i t t i n g l a r g e r d e v i a t i o n s a t some p o i n t s , b u t k e e p i n g 
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s q u a r e e r r o r t o a m i n i m u m . L e a s t s q u a r e s i s s i m p l e r t o c o m p u t e 
a n d m o r e c o m m o n l y u s e d t h a n i s t h e C h e b y s h e v n o r m . U s u a l l y 
l i t t l e i s k n o w n a b o u t t h e d i s t r i b u t i o n o f e r r o r s i n d a t a a n d 
t h e a s s u m p t i o n i s g e n e r a l l y made t h a t t h e e r r o r s a r e n o r m a l l y 
d i s t r i b u t e d . I f t h i s a s s u m p t i o n i s v a l i d , t h e n l e a s t s q u a r e s 
e s t i m a t e s m u s t be c o n s i d e r e d o p t i m u m f o r m o s t a p p l i c a t i o n s . 
S i n c e t h e o t h e r m e t h o d s o f a p p r o x i m a t e f i t a r e s e l d o m ( i f 
e v e r ) u s e d , f u r t h e r d i s c u s s i o n w i l l b e c u r t a i l e d , 
2 . 4 . 1 . 4 W e i g h t i n g / C o v a r i a n c e F u n c t i o n . 
H a v i n g c o n s i d e r e d t h e f u n c t i o n , i t s r a n g e , a n d m e t h o d o f 
f i t , t h e m e t h o d o f t a k i n g i n t o a c c o u n t t h e r e l a t i v e I m p o r t a n c e 
o f t h e d a t a p o i n t s m u s t be e x a m i n e d . ' R e l a t i v e i m p o r t a n c e ' i s 
a c o m p l e x f a c t o r t o e v a l u a t e a n d t h u s i s g e n e r a l l y e s t a b l i s h e d 
a p r i o r i a l t h o u g h i n c r e a s i n g l y a p o s t e r i o r i e v a l u a t i o n i s 
b e i n g u s e d , e s p e c i a l l y i n h y b r i d i n t e r p o l a t i o n . T h e n e t r e s u l t 
o f e i t h e r e v a l u a t i o n i s t h e e s t a b l i s h m e n t o f a w e i g h t i n g 
f u n c t i o n w h i c h i s t h e n a p p l i e d t o t h e d a t a d i r e c t l y d u r i n g 
i n t e r p o l a t i o n a n d / o r t o i n t e r m e d i a t e f u n c t i o n s i n m o s t h y b r i d 
f o r m s o f i n t e r p o l a t i o n . 
T he u s e o f a w e i g h t i n g f u n c t i o n t o g i v e m o r e w e i g h t t o 
c e r t a i n o b s e r v a t i o n s t h a n a n o t h e r i s a s i m p l e e n o u g h c o n c e p t , 
f o r e x a m p l e m o s t p o i n t w i s e i n t e r p o l a t i o n m e t h o d s u s e some 
w e l l - u s e d d i s t a n c e d e c a y f u n c t i o n . H o w e v e r ^ t h e m o r e r e c e n t 
p a t c h w i s e a n d h y b r i d m e t h o d s , e s p e c i a l l y t h o s e i n v o l v i n g 
s u m m a t i o n o f s u r f a c e s , a n d o t h e r m e t h o d s i n v o l v i n g t h e t h e o r y 
o f s t a t i o n a r y r a n d o m v a r i a b l e s ( f o r e x a m p l e k r i g i n g ) u s e 
d a t a - g e n e r a t e d f u n c t i o n s o r d a t a c o v a r i a n c e f u n c t i o n s w h i c h , 
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i f n o r m a l i s e d , a r e t e r m e d c o r r e l a t i o n f u n c t i o n s . T h e s e 
d a t a - d e r i v e d f u n c t i o n s a r e u s u a l l y f i t t e d t o some g e n e r a l 
m a t h e m a t i c a l e x p r e s s i o n , i n v o l v i n g e x p o n e n t i a l t r i g o n o m e t r i c 
o r d i s t a n c e e l e m e n t s , a n d a f i n a l w e i g h t i n g f u n c t i o n 
e s t a b l i s h e d . T h u s a u n i q u e w e i g h t may be e s t a b l i s h e d f o r a 
c e r t a i n d a t a p o i n t f r o m t h e m a t h e m a t i c a l e x p r e s s i o n . I n 
g e n e r a l , t h e p r e - c o n d i t i o n s o f s u c h a f u n c t i o n a r e t h a t , 
a . i t m u s t be p o s i t i v e a t d = 0 , 
b . i t m u s t h a v e i t s maximum a t d = 0 , 
CO 
c. i t m u s t c o n v e r g e t o z e r o f o r d 
d . i t u s u a l l y w i l l be p o s i t i v e a n d c o n t i n u o u s , 
( w h e r e d I s t h e d i s t a n c e b e t w e e n t h e p o i n t t o be 
i n t e r p o l a t e d a n d t h e d a t a p o i n t ) . 
T h u s , i n s u m m a r y , e i t h e r t h e w e i g h t a t a p o i n t i s 
e s t a b l i s h e d f r o m a k n o w n f u n c t i o n , o r t h e w e i g h t i s d e r i v e d 
f r o m a g e n e r a l f u n c t i o n f i t t e d t o t h e c o v a r i a n c e o f t h e d a t a . 
B o t h m e t h o d s u t i l i s e t h e same t y p e s o f f u n c t i o n s , b u t t h e 
a c t u a l f o r m i s e s t a b l i s h e d a p r i o r i i n t h e f o r m e r a n d a 
p o s t e r i o r i i n t h e l a t t e r . 
The n u m b e r o f p o s s i b l e w e i g h t i n g f u n c t i o n s u s e d d u r i n g 
i n t e r p o l a t i o n I s I n f i n i t e . V e r y b r o a d l y , t h e y may be 
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c a t e g o r i s e d i n t o t h o s e i n v o l v i n g d i s t a n c e o n l y , t h o s e 
i n v o l v i n g a n e x p o n e n t i a l f u n c t i o n a n d t h o s e i n v o l v i n g a n 
a d d i t i o n a l t r i g o n o m e t r i c f u n c t i o n . I t s h o u l d b e s t r e s s e d 
h o w e v e r , t h a t t h i s g r o u p i n g d o e s n o t i n v o l v e d i s c r e t e c l a s s e s . 
2 . 4 . 1 . 4 . 1 D i s t a n c e F u n c t i o n s . 
The s i m p l e s t m e t h o d o f w e i g h t i n g i n v o l v e s t h e e q u a t i o n o f 
b a s i c f o r m , 
w = 1/d", 
w h e r e w = t h e w e i g h t o f t h e d a t a p o i n t , 
d = t h e h o r i z o n t a l d i s t a n c e b e t w e e n t h e d a t a p o i n t 
a n d t h e p o i n t t o be i n t e r p o l a t e d , 
n = t h e p o w e r ( u s u a l l y o f r a n g e 0.5 t o 4 ) . 
C r a i n a n d B h a t t a c h a r y y a ( 1 9 6 7 ) a n d C r a i n ( 1 9 7 0 ) u s e t h e 
f u n c t i o n w i t h o r d e r n = 0 . 5 , T u r n e r a n d M i l e s ( 1 9 6 8 ) w i t h n = l } 
M c l n t y r e , P o l l a r d a n d S m i t h ( 1 9 6 8 ) w i t h n = 2 a n d P e l t o , E l k i n s 
a n d B o y d ( 1 9 6 8 ) c l a i m t h a t n = 4 " h a s p r o v e d s u c c e s s f u l " . 
E s s e n t i a l l y , t h e e f f e c t o f d e c r e a s i n g n i n t h i s a n d m o s t o t h e r 
if. 
f u n c t i o n s i s t o i n c r e a s e s m o o t h i n g . T h u s 1/d h a s a f a s t e r 
d e c a y o f w e i g h t w i t h i n c r e a s i n g d i s t a n c e t h a n 1/d ( s e e F i g u r e 
2. 12a ) . 
A l t e r n a t i v e l y , many w o r k e r s h a v e d e r i v e d r a t i o f u n c t i o n s i n 
a s i m i l a r f o r m a t t o t h e d i s t a n c e f u n c t i o n s ( F i g u r e 2 . 1 2 b ) . 
T h u s , 
w = 1 / r " 
w h e r e r = t h e r a t i o ( d / t h e m a x imum d i s t a n c e t o be 
c o n s i d e r e d ) , 
w i t h n = 2 , 4 , 6 ) H o e l i p r o g r a m ( S c h u t , 1 9 7 6 ) , 
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n = 2 , ( f o r s e c o n d - o r d e r s u r f a c e s ) , 
n = 4 , ( f o r f i r s t - o r d e r s u r f a c e s ) , 
I B M G e r m a n y ( S c h u t , 1 9 7 6 ) , 
n = l , 2 , 3 , IBM Sweden, 
n = 3 , S w e d i s h r o a d s e r v i c e . 
T h i s b a s i c f u n c t i o n p r o d u c e s a s i m i l a r w e i g h t d e c a y t o t h e 
d i s t a n c e o n l y f u n c t i o n s ( F i g u r e 2 . 1 2 a ) . H o w e v e r t h e d e c a y o f 
t h e f u n c t i o n may be m o d i f i e d b y a l t e r i n g I t s a l g e b r a i c 
c o m p l e x i t y . C o n n e l l y ' s ECU p a c k a g e u s e d a f u n c t i o n , 
w = ( 1 - r ) 1 / r a . 
T h i s s h o w s a f a s t e r d e c a y t h a n t h e s i m p l e r r a t i o f u n c t i o n s , 
( F i g u r e 2 . 1 2 b ) . H o w e v e r , i n c r e a s e d s m o o t h i n g was g e n e r a t e d b y 
a p p l y i n g t h e c o n d i t i o n t h a t r = 0 . 3 i f r < 0 . 3 . 
S i m i l a r l y S c h u t ( 1 9 7 6 ) d e s c r i b e s o t h e r , m o r e c o m p l e x 
f u n c t i o n s : 
w = ( 1 - r ) 3 . ( 1 - r * f / r n ; n - 1 , 2 ; 
( t h i s I s r e p o r t e d t o p r o d u c e g o o d r e s u l t s w i t h o u t 
e x c e s s i v e s m o o t h i n g ) , 
w •= 2 ( 1 - r ) 2 " ; r > 0 . 5 7 
w = 1 - 2 r z ; r ^ 0.5, 
( i t i s s u g g e s t e d t h a t t h e s e a r e b o t h s u i t a b l e 
f u n c t i o n s f o r v e r y s t r o n g s m o o t h i n g ) , 
w = l - ( 0 . 9 r * ) , ( F i g u r e 2 . 1 2 b ) , 
w - l / ( l + r n ) ; n = l , 2 ; ( F i g u r e 2 . 1 2 b ) , 
( t h e s e b o t h p r o d u c e much h e a v i e r s m o o t h i n g t h a n 
t h e s i m p l e r r a t i o f u n c t i o n s ) . 
O t h e r w o r k e r s m e n t i o n , 
w = ( d ^ + a ) * " * a = a c o n j t a n t , p = 0 . 5 , 1 ( H a r d y , 1 9 7 1 ) , 
w = 1 2 / ( d + l ) , 
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w = 2 4 / ( d * + l ) , ( b o t h N e w t o n , 1 9 6 8 ) , 
w - l / ( l + d " ) j n > 0 ( B r a k e r , 1 9 7 5 ) , 
w = l - r X > ( A r t h u r , 1 9 6 5 ) . 
D i s t a n c e a n d r a t i o - b a s e d f u n c t i o n s a r e b y f a r t h e m o s t 
common i n u s e . The a b o v e d i s c u s s i o n i s n o t m e a n t t o be 
e x h a u s t i v e , b u t r a t h e r t o s t r e s s t h a t t h e r e i s s u c h a r a n g e 
a n d t h a t i n d i v i d u a l w e i g h t i n g f u n c t i o n s may p r o d u c e m a r k e d l y 
s i m i l a r o r d i f f e r i n g r e s u l t s . I n a p p l y i n g s u c h a n a p p r o a c h , 
e a c h f u n c t i o n m u s t b e e x a m i n e d i n c o n j u n c t i o n w i t h t h e d e g r e e 
o f s m o o t h i n g a n d w e i g h t d e c a y t h a t i s r e q u i r e d o r i s 
a p p r o p r i a t e t o a p a r t i c u l a r d a t a s e t a n d a p p l i c a t i o n . 
2 . 4 . 1 . 4 . 2 E x p o n e n t i a l F u n c t i o n . 
T h e r e a r e a l s o many e x a m p l e s o f t h e u s e o f e x p o n e n t i a l 
f u n c t i o n s , w h e r e b e n e f i t s h a v e b e e n d e s c r i b e d a s e a s i n g 
p o s s i b l e p r o b l e m s o f c o v a r i a n c e m a t r i x s i n g u l a r i t y . The b a s i c 
f o r m o f t h e f u n c t i o n s i s s i m i l a r t o t h e d i s t a n c e a n d r a t i o 
f u n c t i o n s , a l t h o u g h t h e v a r i a t i o n s u t i l i s e d i n p r a c t i c e a r e 
n o t so n u m e r o u s . 
The b a s i c f o r m i s , 
w = e x p ( - a . d ) " , w h e r e a > 0 , ( Y a g l o m , 1 9 6 5 ) . 
T h i s p r o d u c e s a g e n t l e r a n d s m o o t h e r d e c a y t h a n w i t h t h e b a s i c 
d i s t a n c e a n d r a t i o f u n c t i o n s , e s p e c i a l l y w h e r e a t e n d s t o 0, 
( F i g u r e 2 . 1 2 c ) . 
T h i s h a s b e e n f u r t h e r d e v e l o p e d w i t h i n t h e SCOP p a c k a g e t o 
w = e x p ( - a . d 2 ) ; w h e r e a > 0 ? ( S c h u t , 1 9 7 6 ) . 
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t h a n t h e b a s i c f o r m and t h u s w o u l d be more s u i t a b l e t o l e s s 
c o r r e l a t e d d a t a . 
S i m l a r l y , d i s t a n c e r a t i o s have e v o l v e d , e«g. , 
w = exp ( -a . T Z )-
where a = c o n s t a n t = 14 o r 20 ( S c h u t ? 1 9 7 6 ) , 
o r = 2.5 ( A r t h u r , 1 9 7 3 ) . 
I n t h e l a t t e r v e r s i o n , w h i c h p r o d u c e s a v e r y g e n t l e d ecay 
( F i g u r e 2 . 1 2 c ) , A r t h u r a l s o d e r i v e s t h e r a t i o f r o m , 
r = d / ( a v e r a g e d i s t a n c e b e t w e e n r e f e r e n c e p o i n t s ) . 
O t h e r v a r i a t i o n s i n c l u d e t h o s e o f L a u e r , 
w = e x p ( - a . r b ) ; 
where a > 0, 
b ( h e c l a i m s ) t o be o p t i m u m a t 1-2, ( S c h u t , 1 9 7 6 ) , 
and B r a k e r ( 1 9 7 5 ) , 
w = e xp ( -a . u 1") ; 
where u = r . ( b + ( 1 - b ) . r ) , 
b > 0. 
2.4.1.4.3 T r i g o n o m e t r i c F u n c t i o n s . 
F i n a l l y , some w o r k e r s have gone a s t a g e f u r t h e r and 
i n c l u d e d t r i g o n o m e t r i c t e r m s i n t h e w e i g h t i n g f u n c t i o n s , f o r 
e x a m p l e , 
w = e x p ( - a . d ) . c o s ( b . d ) ; w h ere a>0, b>0, ( Y a g l o m , 1 9 6 5 ) , 
w - e x p ( - a . d 2 - ) . cos ( b . d ) ; w h ere a>0, b>0, ( S c h u t , 1 9 7 4 ) . 
Examples o f t h e s e two f u n c t i o n s a r e g i v e n i n F i g u r e 2.12d. An 
i n i t i a l a s p e c t o f t h e s e two f u n c t i o n s i s t h a t t h e y h a ve a v e r y 
r a p i d decay c l o s e t o d=0, i . e . o v e r s h o r t d i s t a n c e s . More 
i m p o r t a n t l y , t h e i n t r o d u c t i o n o f t h e t r i g o n o m e t r i c t e r m has 
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i n t r o d u c e d n e g a t i v e w e i g h t i n g . T h i s may be q u i t e p e r m i s s i h l e 
g i v e n a p e r i o d i c s u r f a c e o f peaks and t r o u g h s , w h e r e a t r o u g h 
has a n e g a t i v e c o r r e l a t i o n w i t h a peak; i t s use d o e s , h o w e v e r , 
p r e s u p p o s e c o n s i d e r a b l e a p r i o r i k n o w l e d g e o f t h e s u r f a c e . 
I n summary, a w i d e r a n g e o f m a t h e m a t i c a l f u n c t i o n s e x i s t 
and have been u s e d f o r w e i g h t i n g d a t a w i t h i n i n t e r p o l a t i o n . 
T h e i r a p p l i c a t i o n r e s u l t s i n d i s t i n c t i v e v a r i a t i o n s o f 
s m o o t h i n g and w e i g h t i n g and hence r e q u i r e s c a r e f u l 
c o n s i d e r a t i o n by t h e u s e r - w h e t h e r o r n o t he has any c o n t r o l 
o v e r t h e f u n c t i o n u s e d . 
2.4.2 T r i a n g u l a t i o n G e n e r a t i o n 
A t r i a n g u l a t i o n mesh r e p r e s e n t s t h e most r o b u s t y e t t h e 
s i m p l e s t s o l u t i o n f o r i s a r i t h m i n t e r p o l a t i o n . Where no 
i n t e r p o l a t i o n has t a k e n p l a c e i n t h e p r o c e s s o f i t s 
g e n e r a t i o n , i t has t h e a d v a n t a g e t h a t i t h o n o u r s e v e r y d a t a 
p o i n t , and s h o u l d t h e r e f o r e , where t h e o b s e r v a t i o n s have been 
s u f f i c i e n t l y c o n s i s t e n t , p r o d u c e i s a r i t h m s c l o s e t o r e a l i t y . 
E s s e n t i a l l y t h e r e a r e two s t a r t i n g p o i n t s . The i n p u t t o t h e 
t r i a n g u l a t i o n may be a g r i d ( i r r e g u l a r , r e g u l a r ^ e t c . ) , o r a 
random s c a t t e r o f p o i n t s . 
2.4.2.1 G r i d T r i a n g u l a t i o n . 
The r a t i o n a l e f o r p r o d u c i n g a g r i d - b a s e d t r i a n g u l a t i o n w i l l 
be s t r e s s e d i n a l a t e r s e c t i o n . T h e r e a r e two methods by w h i c h 
a g r i d may be m o d i f i e d t o a t r i a n g u l a r mesh. 
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2.4.2.1.1 D i a g o n a l M e t h o d . 
The d i a g o n a l method ( s e e 'GHOST' - A l . 3 . 4 ) i n v o l v e s 
d i v i d i n g e ach g r i d c e l l i n t o two t r i a n g l e s u s i n g one o f t h e 
c e l l d i a g o n a l s ( F i g u r e 2 . 1 3 a ) . T h i s method has t h e a d v a n t a g e 
o f ease o f p r o g r a m m i n g , d a t a m a n i p u l a t i o n and s t o r a g e , and 
a d d i t i o n a l l y does n o t i n v o l v e i n t e r p o l a t i o n w i t h i t s r e s u l t a n t 
l o s s o f a c c u r a c y . D e p e n d i n g on w h i c h d i a g o n a l i s c h o s e n , t h e 
shape o f t h e c o n t o u r ( s ) may change ( F i g u r e 2 . 1 3 a ) . 
2.4.2.1.2 C e n t r e - p o i n t M e t h o d . 
The c e n t r e - p o i n t m e t h od ( s e e 'GINOSURF' - A l . 3 . 5 and 
'CONSYS' - A l . 3 . 1 ) i n v o l v e s some f o r m o f s e c o n d a r y 
i n t e r p o l a t i o n , g e n e r a l l y an a v e r a g i n g o r w e i g h t e d a v e r a g i n g 
p r o c e s s . I n any g r i d c e l l , t h e c e n t r e p o i n t i s e s t a b l i s h e d by 
e i t h e r an a v e r a g e o r a w e i g h t e d a v e r a g e o f t h e f o u r 
s u r r o u n d i n g n o d e s . Thus a v a l u e w i t h i n t h e r a n g e o f t h e f o u r 
nodes w i l l be e s t a b l i s h e d , w h i c h i s t h e n used w i t h t h e f o u r 
nodes t o g e n e r a t e f o u r t r i a n g l e s ( F i g u r e 2 . 1 3 b ) . The a d v a n t a g e 
o f t h i s method i s t h a t i t makes t h e t r i a n g u l a t i o n r e s o l u t i o n 
even f i n e r t h a n t h e d i a g o n a l m e t h o d , w h i c h s h o u l d r e s u l t i n 
s h o r t e r and t h e r e f o r e v i s i b l y s m o o t h e r i s a r i t h m s - However, 
t h i s i s a t t h e e x p e n s e o f a p o s s i b l e d e c r e a s e i n a c c u r a c y due 
t o s e c o n d a r y i n t e r p o l a t i o n . 
2.4.2.2 Random Data T r i a n g u l a t i o n . 
Random d a t a t r i a n g u l a t i o n i s one o f t h e most p o p u l a r 
methods o f g e n e r a t i n g i s a r i t h m s f r o m random d a t a as i t h o n o u r s 
e v e r y d a t a p o i n t i f d i r e c t l i n e a r i n t e r p o l a t i o n o f c o n t o u r s i s 
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s u b s e q u e n t l y u s e d . I n r e l a t i o n ^ e s p e c i a l l y t o t o p o g r a p h i c 
s t r u c t u r e s , i t a d d i t i o n a l l y a l l o w s a s i m p l e method o f 
i n c l u d i n g b r e a k l i n e s and t h u s c o n t r o l l i n g t h e d e f i n i t i o n o f 
t h e i r r e g u l a r i t i e s i n t h e s u r f a c e . However, 
"any t r i a n g u l a t i o n t h a t i s t o be used f o r t h e b a s i s o f 
i s a r i t h m map p r o d u c t i o n must have t h e p r o p e r t i e s o f 
s t a b i l i t y , e q u i l a t e r a l n e s s , and n o n - i n t e r s e c t i o n " 
( M c C u l l a g h and Ross, 1980, 9 3 ) . 
The D e l a u n a y t r i a n g u l a t i o n meets t h e s e needs and i s 
t h e r e f o r e most f r e q u e n t l y u s e d . The l o g i s t i c s o f i t s 
g e n e r a t i o n h o w e v e r may be q u i t e v a r i e d , i n d e e d t h e r e a r e f o u r 
methods g e n e r a l l y u s e d f o r i t s d e r i v a t i o n ( E l f i c k , 1979, 2 4 ) . 
a. IBM p u b l i s h e d a method w h i c h f i r s t d e r i v e d a s e r i e s 
o f r e g u l a r p o l y g o n s w h i c h were l a t e r b r o k e n down i n t o 
t r i a n g l e s . 
b. A g e n e r a l l y u s e d method i s t o b u i l d on an a d v a n c i n g 
f r o n t , f o r e x a m p l e f r o m l e f t t o r i g h t , u n t i l a l l t h e d a t a 
p o i n t s a r e u s e d . 
c. Y o e l i ( 1 9 7 7 ) g e n e r a t e s a t r i a n g u l a r mesh by 
c o n s t r u c t i n g t r i a n g l e s p r o g r e s s i v e l y f r o m t h e s h o r t e s t 
u nused l i n e s e g m e n t s , w h i l e a l l o w i n g f o r b r e a k l i n e s . T h i s 
method i s a l s o e m p l o y e d w i t h i n t h e Green and S i b s o n ( 1 9 7 8 ) 
r o u t i n e s c a l l e d by 'DTC i n t h i s r e s e a r c h . 
A f o u r t h m e t h o d , u s e d by E l f i c k ( 1 9 7 9 ) and w i t h i n 
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MOSS, b u i l d s t h e t r i a n g u l a r mesh p r o g r e s s i v e l y on t h e s i d e s 
o f e x i s t i n g t r i a n g l e s . 
2.4.3 I s a r i t h m I n t e r p o l a t i o n 
" I t i s i m p o r t a n t t h a t t h e c o n t o u r i n g p a c k a g e 
r e c o g n i s e s and h o n o u r s t h e s u r f a c e b e i n g c o n t o u r e d " 
(Monahan, 1 9 7 1 , 3 5 0 ) . 
There a r e two f o r m s o f i n i t i a l i n p u t t o t h e i s a r i t h m 
i n t e r p o l a t i o n s t a g e . A common i n p u t i n c i v i l e n g i n e e r i n g i s a 
random t r i a n g u l a t i o n - as p r e v i o u s l y d i s c u s s e d . A l t e r n a t i v e l y , 
t h e i n p u t i s e q u a l l y commonly a r e c t a n g u l a r g r i d . The a c t u a l 
f o r m o f t h e r e c t a n g u l a r g r i d i s t r i v i a l as t h e l o g i c o f 
i n t e r p o l a t i o n i s t h e same- I n d e e d , e x c l u d i n g t h e f r e q u e n t 
d e r i v a t i o n o f a t r i a n g u l a t i o n n e t as an i n t e r m e d i a t e s t a g e i n 
i n t e r p o l a t i n g i s a r i t h m s f r o m a g r i d ? t h e two f o r m s o f i n p u t t o 
t h e i s a r i t h m p r o c e s s a r e , i n b r o a d t e r m s , s i m i l a r l y t r e a t e d , 
a l t h o u g h t h e l o g i s t i c s a r e somewhat d i f f e r e n t . E s s e n t i a l l y , 
t h e d i f f e r e n c e s ( e x c l u d i n g i n p u t ) r e v o l v e a r o u n d a t t e m p t s t o 
e n s u r e c o n t i n u i t y a l o n g t h e i s a r i t h m s . 
2.4.3.1 I s a r i t h m I n t e r p o l a t i o n By T r i a n g u l a t i o n . 
A ssuming a t r i a n g u l a t i o n n e t w o r k o f t h e d a t a p o i n t s has 
been e s t a b l i s h e d , two o p t i o n s e x i s t f o r t h e i s a r i t h m 
t h r e a d i n g . 
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2.4.3.1.1 D i r e c t I s a r i t h m T h r e a d i n g . 
D i r e c t I s a r i t h m t h r e a d i n g i s t h e most p o p u l a r f o r m o f 
i s a r i t h m g e n e r a t i o n and i s based on l i n e a r i n t e r p o l a t i o n . For 
each i s a r i t h m l e v e l , e a ch t r i a n g l e i s s e q u e n t i a l l y s e a r c h e d 
u n t i l one i s f o u n d whose '2.' r a n g e encompasses t h e i s a r i t h m 
l e v e l u n d e r i n t e r e s t . I n i t i a l l y t h e b o u n d i n g t r i a n g l e s a r e 
s e a r c h e d ; once a l l t h e I s a r i t h m s w h i c h s t a r t a t an edge a r e 
e s t a b l i s h e d , t h e i n t e r n a l t r i a n g l e s a r e s e a r c h e d . 
Once t h e s t a r t i n g edge has been e s t a b l i s h e d , a s i m p l e 
l i n e a r i n t e r p o l a t i o n i s p e r f o r m e d t o d e r i v e t h e c o - o r d i n a t e s 
o f t h e i s a r l t h m ' s 1 s t a r t i n g p o i n t . The p o i n t o f e x i t i s 
t h e r e a f t e r d e r i v e d by f i r s t e s t a b l i s h i n g t h e s i d e o f e x i t and 
t h e n , by l i n e a r i n t e r p o l a t i o n , e s t a b l i s h i n g t h e c o - o r d i n a t e s 
o f t h e i n t e r s e c t i o n o f t h e i s a r i t h m and s i d e . The s i d e o f 
e x i t , i f n o t a b o r d e r s i d e o r t h e s t a r t i n g s i d e , becomes t h e 
i n p u t s i d e i n t o t h e n e x t t r i a n g l e , and t h e p r o c e d u r e 
c o n t i n u e s . 
An i m p o r t a n t a s p e c t o f t h i s t e c h n i q u e I s t h a t a s i m p l e 
l o g i c a l s e a r c h p r o c e d u r e i s r e q u i r e d a t a l l s t a g e s j t h e method 
t h e r e f o r e l e n d s i t s e l f t o ease o f p r o g r a m m i n g . I n a d d i t i o n , 
o n l y t h e s i m p l e s t f o r m o f i n t e r p o l a t i o n need be p e r f o r m e d , 
n a mely l i n e a r . A d i s a d v a n t a g e o f t h i s t e c h n i q u e i s t h e r e f o r e 
t h a t c o n t i n u i t y o f t h e o r i e n t a t i o n o f t h e i s a r i t h m s does n o t 
e x i s t , as c o n t i g u o u s t r i a n g l e s do n o t g e n e r a l l y f o r m a 
c o n t i n u o u s s u r f a c e (e^». C I I S - A p p l i e d R e s e a r c h C a m b r i d g e , 
1 9 7 9 b ) . I f s m o o t h i s a r i t h m s a r e r e q u i r e d , t h e s t r i n g o f 
i n t e r p o l a t e d p o i n t s must be s u b j e c t e d t o some c o n t i n u o u s 
s m o o t h i n g f u n c t i o n , u s u a l l y some f o r m o f p i e c e w i s e c u b i c 
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p o l y n o m i a l f u n c t i o n , g e n e r a l l y a s p l i n e ( s e e 2 . 4 . 1 . 2 ) . However 
t h i s may r e s u l t i n i s a r i t h m s w h i c h c r o s s i n s t e e p a r e a s (e.g. 
C o n n e l l y , 1 9 7 1 ) . 
2.4.3.1.2 I s a r i t h m G e n e r a t i o n U s i n g F u n c t i o n s . 
I n o r d e r t o overcome a n g u l a r o r c r o s s i n g i s a r i t h m s , a few 
methods have been e v o l v e d where i n t e r p o l a t i o n o c c u r s u t i l i s i n g 
a p o l y n o m i a l , t h e r e s u l t a n t i s a r i t h m s b e i n g d e r i v e d f r o m t h e 
f u n c t i o n s f i t t e d t o t h e t r i a n g u l a t i o n . T h i s r e s u l t s i n s m o o t h , 
d i s t i n c t i s a r i t h m s . 
One such method has been i m p l e m e n t e d by M c L a i n ( 1 9 7 6 ) . 
E s s e n t i a l l y t h i s i s a h y b r i d method o f i n t e r p o l a t i o n , i n w h i c h 
t h e f i n a l i n t e r p o l a t i o n i n v o l v e s a w e i g h t e d a v e r a g e o f l o c a l 
p a t c h w i s e f u n c t i o n s . A s s u m i n g a t r i a n g u l a t i o n n e t a r o u n d each 
d a t a p o i n t , l o c a l q u a d r a t i c p o l y n o m i a l s a r e f i t t e d t o t h e 
s u r r o u n d i n g t r i a n g l e s , u s u a l l y by w e i g h t e d l e a s t s q u a r e s . I n 
t h e d e r i v a t i o n o f any p o i n t w i t h i n a t r i a n g l e , a w e i g h t e d 
a v e r a g e o f t h e t h r e e f u n c t i o n s c o r r e s p o n d i n g t o e a c h o f t h e 
v e r t i c e s i s d e r i v e d : 
z = w, f x +w t f t +w 5 f ; 
where f ( , f ^ , f ^ = t h e 6 - t e r m q u a d r a t i c p o l y n o m i a l 
f u n c t i o n s f i t t e d a t t h e t h r e e 
v e r t i c e s t o t h e i r n e a r e s t 
n e i g h b o u r s , 
w( » W ^ » W 3 = t n e c o r r e s p o n d i n g w e i g h t s e q u a l l i n g 
z e r o on t h e t r i a n g l e s i d e o p p o s i t e 
t h e r e l e v a n t v e r t e x ( M c L a i n , 1 9 7 6 ) . 
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To e n s u r e s m o o t h t r a n s i t i o n f r o m one t r i a n g l e t o t h e n e x t , i t 
must o n l y be e n s u r e d t h a t each w e i g h t w and i t s l e a d i n g 
d e r i v a t i v e s a r e i d e n t i c a l l y z e r o a l o n g t h e s i d e o f t h e 
t r i a n g l e o p p o s i t e t o t h e v e r t e x . M c L a i n s u g g e s t s t h a t t h e 
w e i g h t i n g f u n c t i o n be p r o p o r t i o n a l t o t h e d i s t a n c e c u b e d . 
2.4.3.2 I s a r i t h m I n t e r p o l a t i o n U t i l i s i n g G r i d s -
Most i s a r i t h m i n t e r p o l a t i o n p r o g r a m s r e q u i r e a r e g u l a r g r i d 
e i t h e r as i n p u t , o r d e r i v e d by i n t e r p o l a t i o n . I n d e e d C o n n e l l y 
s t a t e d t h a t , 
" t h e r e i s now w i d e s p r e a d a g r e e m e n t t h a t t h e a u t o m a t e d 
p r o d u c t i o n o f c o n t o u r l i n e s o f a s u r f a c e must p r o c e e d 
f r o m a r e g u l a r g r i d " ( C o n n e l l y , 1 9 7 1 , 5 9 ) . 
The g r i d may be a more e f f i c i e n t f o r m o f p o i n t s t o r a g e , b u t 
i t c r e a t e s s e v e r a l p r o b l e m s i n t h e i n t e r p o l a t i o n o f i s a r i t h m s . 
Most p a c k a g e s t h e r e f o r e d e r i v e a t r i a n g u l a t i o n mesh f r o m t h e 
g r i d as a f i r s t s t a g e . T h i s has t h e a d v a n t a g e , as p r e v i o u s l y 
shown, t h a t i t o f f e r s a u n i q u e s o l u t i o n . 
A l t e r n a t i v e l y , i s a r i t h m s may be g e n e r a t e d d i r e c t l y f r o m t h e 
g r i d , o r a f u r t h e r i n t e r p o l a t i o n f u n c t i o n a p p l i e d . As 
s u g g e s t e d e a r l i e r , l i n e a r i s a r i t h m i n t e r p o l a t i o n i n a g r i d 
l e a d s t o a m b i g u i t i e s w h i c h do n o t e x i s t i f a f u n c t i o n , 
i n v a r i a b l y a c u b i c p o l y n o m i a l , i s u t i l i s e d . The a c t u a l m e t h o d 
o f i s a r i t h m s e a r c h i n g must a l s o be c o n s i d e r e d . I n b o t h 
f u n c t i o n f i t t i n g and d i r e c t i s a r i t h m t h r e a d i n g , t h e i s a r i t h m s 
a r e t r a c e d t h r o u g h t h e g r i d . A l t e r n a t i v e l y , t h e g r i d may be 
s e q u e n t i a l l y s c a n n e d , t h u s p r o d u c i n g a r a s t e r s e r i e s o f l i n e 
s e g m e n t s . The l a t t e r method a l t h o u g h f r e q u e n t l y u s e d e a r l y i n 
a u t o m a t i o n when s t o r a g e was a t a premium i s - w i t h t h e 
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e x c l u s i o n o f CONSYS ( C e d e r q u i s t , 1 9 7 6 ) - now s e l d o m u s e d , as 
i t p r o d u c e s a n g u l a r i s a r i t h m s e g m e n t s . 
2.4.3.2.1 D i r e c t I s a r i t h m T h r e a d i n g . 
D i r e c t i s a r i t h m t h r e a d i n g i n g r i d s i n v o l v e s l i n e a r 
i n t e r p o l a t i o n , u t i l i s i n g t h e same m e t h o d o l o g y as f o r 
t r i a n g u l a t i o n - n e t s b u t w i t h one e x c e p t i o n . When a t r i a n g l e i s 
e n t e r e d i n t r i a n g u l a r t h r e a d i n g o n l y one p o s s i b l e e x i t s i d e 
o c c u r s ( F i g u r e 2 . 1 4 a ) . I n c o n t r a s t , when a g r i d c e l l i s 
e n t e r e d , t h r e e p o s s i b l e e x i t s i d e s may o c c u r , c r e a t i n g two 
p o s s i b l y c o r r e c t a l t e r n a t i v e s and a t h i r d i m p o s s i b l e 
a l t e r n a t i v e ( F i g u r e 2 . 1 4 b ) . T h i s p r o b l e m may seem 
u n s u r m o u n t a b l e , a l t h o u g h i n r e a l i t y one o f t h e d i a g o n a l s i f 
s e a r c h e d f o r an i s a r i t h m i n t e r s e c t i o n p o i n t w i l l i n d i c a t e t h e 
t r u e p a t h . 
2.4.3-2.2 I s a r i t h m I n t e r p o l a t i o n U t i l i s i n g F u n c t i o n s . 
G r i d f u n c t i o n i s a r i t h m i n t e r p o l a t i o n i s more common t h a n 
d i r e c t g r i d and t r i a n g u l a t i o n f u n c t i o n i s a r i t h m i n t e r p o l a t i o n . 
Commonly a b i c u b i c p o l y n o m i a l i s f i t t e d by l e a s t s q u a r e s t o a 
l o c a l p a t c h s u r r o u n d i n g t h e g r i d c e l l u n d e r i n t e r e s t ( F i g u r e 
2 . 1 5 a ) . I f a b i c u b i c p o l y n o m i a l i s u s e d t h e n , as 10 
c o e f f i c i e n t s must be s o l v e d , a 4x4 node p a t c h must be u s e d . 
T h i s r e s u l t s i n an a p p r o x i m a t e f i t w i t h 6 r e d u n d a n t 
o b s e r v a t i o n s , t h u s g e n e r a t i n g e x t r a s m o o t h i n g and c o n t i n u i t y 
b e t w e e n c e l l s w h i c h may be e n c o u r a g e d f u r t h e r by u s i n g a 
s p l i n e f i t . H a v i n g f i t t e d t h e f u n c t i o n , t h e i s a r i t h m may be 
s y s t e m a t i c a l l y c omputed by s o l v i n g t h e f u n c t i o n i n s m a l l 
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F i g u r e 2.15 
Grid function contouring 
(After Calcomp,l97l) 
- 4 -Mesh point 
(Z) value 
X (a) Function fitting 
rid 




i n c r e m e n t s o f x and y. A s i m i l a r method i s u t i l i s e d I n GPCP, 
where a f i n e r s u b - g r i d i s g e n e r a t e d w i t h i n t h e g r i d c e l l 
( F i g u r e 2.15b) and t h e d e n s e r s u b - g r i d i s s o l v e d by d i r e c t 
I s a r i t h m t h r e a d i n g . 
2.5 ISARITHM AND RANDOM-TO-GRID INTERPOLATION PROGRAMS USED 
S e v e r a l r a n d o m - t o - g r i d and i s a r i t h m i n t e r p o l a t i o n p r o g r a m s 
have been u t i l i s e d , a l t h o u g h t h e two s t a g e s have where 
p o s s i b l e been k e p t d i s t i n c t . F i v e p r o g r a m s were e x a m i n e d where 
b o t h i s a r i t h m a nd r a n d o m - t o - g r i d i n t e r p o l a t i o n , were p e r f o r m e d , 
n a m e l y GPCP; GINOSURFj SURFACE I I GRAPHICS^ SACM and SYMAP, 
a l t h o u g h t h e SYMAP i s a r i t h m r o u t i n e was n o t u s e d as i t 
p r o d u c e s l i n e - p r i n t e r o u t p u t . F o u r p r o g r a m s w e r e e x a m i n e d 
where o n l y r a n d o m - t o - g r i d i n t e r p o l a t i o n was p e r f o r m e d , n a m e l y 
GHOT; BRAILE; MINCURV AND MULTI. Two p r o g r a m s w e r e e x a m i n e d 
w h i c h g e n e r a t e d i s a r i t h m s f r o m g r i d s d i r e c t l y , n a m e l y GHOST 
and CONSYS. F i n a l l y DTC was ex a m i n e d w h i c h was t h e one d i r e c t 
r a n d o m - t o - i s a r i t h m p r o g r a m . 
The p r o g r a m s and packa g e s were n o t s e l e c t e d a t random, b u t 
a f t e r c a r e f u l c o n s i d e r a t i o n o f s e v e r a l c r i t e r i a ( s e e T a b l e 
2 . 2 ) . C l e a r l y a l l a v a i l a b l e p r o g r a m s c o u l d n o t be used and 
t h e r e f o r e a s u b s e t o f t h e p o p u l a t i o n s had t o be s e l e c t e d - The 
mai n c o n s i d e r a t i o n was t h a t t h e s u b s e t had t o be 
r e p r e s e n t a t i v e o f t h e methods o f r a n d o m - t o - g r i d and i s a r i t h m 
i n t e r p o l a t i o n g e n e r a l l y u t i l i s e d . F o l l o w i n g t h e l i t e r a t u r e 
s e a r c h p r e c i s e d i n t h e p r e v i o u s s e c t i o n , a s h o r t - l i s t o f 
d e s i r a b l e m ethods was e s t a b l i s h e d . T h i s n a t u r a l l y c o r r e s p o n d e d 
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BASIS FOR SELECTION PACKAGE 
DESIRABLE SPECIALISED ADDITIONAL 
RANDOM-TO-GRID 
POINTWISE 
w e i g h t e d a v e r a g e 
*** 
s e a r c h methods 
w e i g h t i n g methods 
* ** 
p o l y n o m i a l 
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K r i g i n g 
S p l i n i n g 
SURFACE I I GRAPHICS 
GPCP 
SURFACE I I GRAPHICS 




SURFACE I I GRAPHICS 
MINCURV 
PATCHWISE 




HYBRID M u l t i q u a d r i c MULTI 
GLOBAL GPCP 
ISARITHM 
DATA TRIANGULATION DTC 
GRID-TO-ISARITHM 
T r i a n g u l a t i o n 
* ** 
R e c t a n g l e 
* ** 
* ** 




SURFACE I I GRAPHICS 
SACM 
GPCP 
( *** - a d d i t i o n a l ' p o p u l a r ' p a c k a g e s s e l e c t e d ) 
T a b l e 2.2 C r i t e r i a f o r t h e s e l e c t i o n o f i n t e r p o l a t i o n p r o g r a m s 
c o n s i d e r e d i n t h i s r e s e a r c h . 
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t o t h e m a j o r c a t e g o r i e s d i s c u s s e d i n 2.4. I n a d d i t i o n , i t was 
f e l t t h a t some more s p e c i a l i s e d t e c h n i q u e s m i g h t be w o r t h y o f 
i n v e s t i g a t i o n . 
H a v i n g o u t l i n e d s u i t a b l e m e t h o d s , i t was n e c e s s a r y t o f i n d 
s o f t w a r e t o m a t c h t h e s e c a t e g o r i e s ( s e e T a b l e 2 . 2 ) . S o f t w a r e 
were s e l e c t e d f o l l o w i n g c o n s i d e r a t i o n o f c e r t a i n c r i t e r i a . 
a. F r e q u e n t l y , a p p r a i s a l s o f s o f t w a r e t e n d t o f a v o u r 
p r o g r a m s d e v e l o p e d by t h e r e s e a r c h e r . To a v o i d s u c h a 
s i t u a t i o n , a p r i m e o b j e c t i v e was t o use ( w h e r e p o s s i b l e ) 
s o f t w a r e t h a t was e x t a n t , i d e a l l y an a l r e a d y e s t a b l i s h e d 
p a c k a g e . 
b. S o f t w a r e u t i l i s e d s h o u l d be g e n e r a l l y a v a i l a b l e ( t h u s 
r u l i n g o u t , f o r ex a m p l e , H I F I - E b n e r , H o f m a n n - W e l l e n h o f , 
R e i s s and S t e i d l e r , 1980 and SCOP - Assmus, 1 9 7 4 ) . 
A d d i t i o n a l l y , p r e f e r e n c e w o u l d be g i v e n t o t h a t a v a i l a b l e 
i n t h e a c a d e m i c e n v i r o n m e n t as i t w o u l d p r o b a b l y be 
g e n e r a l l y a c c e s s i b l e t o u s e r s i n many d i s c i p l i n e s i n 
a d d i t i o n t o c o m m e r c i a l u s e r s ( t h u s r u l i n g o u t , f o r e x a m p l e , 
MOSS). I t was r e c o g n i s e d however t h a t , i n r e a l i t y , many 
c o m m e r c i a l u s e r s employ p a c k a g e s u n a v a i l a b l e t o o t h e r 
c o m m e r c i a l u s e r s and ac a d e m i c u s e r s due, f o r e x a m p l e , t o 
c o s t (e*g. CPS-1). 
c. F o l l o w i n g f r o m ' a ' i s t h a t s t a n d a r d ' o f f - t h e - s h e l f 
p a c k a g e s were p r e f e r a b l e (e.g. GPCP and SURFACE I I 
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GRAPHICS), a l t h o u g h p r o g r a m l i s t i n g s a v a i l a b l e i n 
r e c o g n i s e d l i t e r a t u r e w o u l d be a t o l e r a b l e a l t e r n a t i v e (e«g. 
MINCURV and BRAILE). A f i n a l a l t e r n a t i v e w o u l d be 
s e l f - d e v e l o p e d a l g o r i t h m s and s o f t w a r e (e£. DTC and MULTI). 
d. A f i n a l c o n s i d e r a t i o n was t h a t , i f two p o p u l a r 
s t a n d a r d p a c k a g e s were s i m i l a r , y e t e m p l o y e d m a r g i n a l l y 
d i f f e r i n g a l g o r i t h m s w h i c h w o u l d p r o v i d e a v i a b l e 
e x a m i n a t i o n , t h e n t h e y s h o u l d be b o t h c o n s i d e r e d (ej». t h e 
GHOT and GINOSURF r a n d o m - t o - g r i d r o u t i n e s and t h e CONSYS 
and GINOSURF i s a r i t h m t h r e a d i n g r o u t i n e s ) . 
O b v i o u s l y t h e e x a c t s e l e c t i o n p r o c e d u r e was t h e r e f o r e q u i t e 
c o m p l e x , w i t h many p o i n t s t o be c o n s i d e r e d : t h e e v a l u a t i o n 
p r o c e d u r e n e c e s s i t a t e d t h e s e e k i n g o u t o f a v a i l a b l e s o f t w a r e 
and i t s use on a number o f c o m p u t e r s r e m o t e f r o m t h e 
U n i v e r s i t y o f Durham, t h e i m p l e m e n t a t i o n and d e - b u g g i n g o f t h e 
s o f t w a r e on t h e l o c a l c o m p u t e r and t h e c r e a t i o n and t e s t i n g o f 
p e r s o n a l l y - w r i t t e n s o f t w a r e . O v e r a l l ^ i t i s b e l i e v e d t h a t t h e 
s e l e c t i o n p r o v i d e s a r e a s o n a b l y r e p r e s e n t a t i v e sample o f 
p r o g r a m s and t e c h n i q u e s i n w i d e s p r e a d use i n t h e academic 
e n v i r o n m e n t . 
I t has been s a i d t h a t , 
" u s e r s o f t r e n d s u r f a c e a n a l y s i s need t o g u a r d a g a i n s t 
e m p l o y i n g one o f t h e many ' c a n n e d ' c o m p u t e r p r o g r a m s t h a t 
a r e now a v a i l a b l e w i t h o u t t h o r o u g h l y u n d e r s t a n d i n g what 
t h e m ethod a c c o m p l i s h e s and how" ( W h i t t e n , 1975, 2 8 2 ) . 
The v a l i d i t y o f t h i s comment i s n o t l i m i t e d t o t r e n d 
INTERPOLATION 
92 
s u r f a c e a n a l y s i s p r o g r a m s , 
u n d e r s t a n d t h e r e s u l t s and 
c h a p t e r s , i t i s n e c e s s a r y 
m ethods o f ea c h p r o g r a m i n 
t h e p r o g r a m i m p l e m e n t a t i o n a r e 
and t h e r e f o r e i n o r d e r t o 
e x p l a i n any p r o b l e m s i n f u t u r e 
t o c o n s i d e r t h e i n t e r p o l a t i o n 
t u r n - F u r t h e r d e t a i l s c o n c e r n i n g 
g i v e n i n A p p e n d i x 1. 
2.5.1 GPCP - G e n e r a l P u r p o s e C o n t o u r i n g P r o g r a m 
GPCP ( C a l c o m p , 1973) i s p r i m a r i l y an i s a r i t h m i c p a ckage 
i n t o w h i c h r e g u l a r g r i d d e d d a t a o r random d a t a may be i n p u t . 
I f t h e l a t t e r a r e i n p u t , some f o r m o f r a n d o m - t o - g r i d 
i n t e r p o l a t i o n i s r e q u i r e d , as i s a r i t h m s may o n l y be g e n e r a t e d 
once a r e g u l a r g r i d e x i s t s . T h e r e a r e two methods o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n i n GPCP. The s i m p l e r method 
i n v o l v e s t h e g e n e r a t i o n o f a g l o b a l p o l y n o m i a l s u r f a c e , t h e 
more c o m p l e x method i n v o l v e s a t w o - s t a g e p o i n t w i s e t e c h n i q u e . 
T h r o u g h o u t t h e p a c k a g e , w e i g h t i n g i s d e r i v e d f r o m t h e 
f u n c t i o n 
w = l / ( l - r 2 " ) , 
where r i s t h e r a t i o o f t h e d i s t a n c e o f t h e d a t a p o i n t f r o m 
t h e i n t e r p o l a t e d p o i n t o v e r t h e maximum d i s t a n c e t o any p o i n t 
b e i n g c o n s i d e r e d f o r t h a t i n t e r p o l a t e d p o i n t . 
The p o i n t w i s e i n t e r p o l a t i o n i n v o l v e s t h e d e r i v a t i o n o f 
w e i g h t e d means o f v a l u e s d e r i v e d f r o m l i n e a r s u r f a c e s f i t t e d 
a t each d a t a p o i n t . Once t h e d a t a have been i n p u t , and u n l e s s 
t h e l o c a l s u r f a c e i s s p e c i f i e d by t h e u s e r ( u p t o t e n t h - o r d e r 
p o l y n o m i a l f u n c t i o n ) , f i r s t — o r d e r p o l y n o m i a l s u r f a c e s a r e 
f i t t e d a t each d a t a p o i n t by a w e i g h t e d a p p r o x i m a t e f i t , s u ch 
t h a t t h e s u r f a c e i s c o n s t r a i n e d t o pass t h r o u g h t h e d a t a 
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p o i n t . The o n l y c o n t r o l o v e r t h e f i t t i n g i s o b t a i n e d by t h e 
u s e r - s p e c i f i e d v a r i a b l e 'NBORSG' ( d e f a u l t = 8 ) , w h i c h s p e c i f i e s 
t h e number o f n e a r e s t d a t a p o i n t s - i r r e s p e c t i v e o f d i r e c t i o n 
- t h a t w i l l be i n v o l v e d i n t h e f i t . The s e c o n d s t a g e o f t h e 
i n t e r p o l a t i o n i n v o l v e s s e a r c h i n g f o r t h e 'NBORST' ( d e f a u l t = 8 ) 
n e a r e s t n e i g h b o u r s t o each g r i d node t o be i n t e r p o l a t e d . F o r 
e a c h node, h a v i n g n e w l y d e r i v e d o r s p e c i f i e d t h e l o c a l d a t a 
s u r f a c e s , t h e i n t e r s e c t i o n o f t h e r e l e v a n t s u r f a c e s and t h e 
g r i d node i s e s t a b l i s h e d , and a w e i g h t e d mean t a k e n . T h i s 
i n v o l v e d p r o c e d u r e t h e r e f o r e a l l o w s f o r t h e d e r i v a t i o n o f 
h e i g h t s o u t s i d e t h e l o c a l a n d j i n d e e d , t h e g l o b a l r a n g e o f t h e 
d a t a . 
The g l o b a l i n t e r p o l a t i o n f u n c t i o n a l l o w s t h e u s e r t o 
g e n e r a t e a p o l y n o m i a l s u r f a c e o f up t o and i n c l u d i n g 
t e n t h - o r d e r s u r f a c e s . The p o l y n o m i a l s u r f a c e i s g e n e r a t e d by 
o r t h o g o n a l p o l y n o m i a l s , t h e o r d e r b e i n g s p e c i f i e d by t h e u s e r , 
and s o l v e d a t t h e g r i d n o d e s . The r e s u l t a n t p r o d u c t w i l l be 
much s m o o t h e r t h a n t h e p r i m a r y i n t e r p o l a t i o n m e t h o d , and 
i n d e e d i t i s s u g g e s t e d t o be a d a t a s m o o t h i n g t e c h n i q u e f o r 
n o i s y d a t a ( C a l c o m p , 1 9 7 3 ) . 
H a v i n g e s t a b l i s h e d a g r i d , i s a r i t h m s may be i n t e r p o l a t e d . 
The g r i d i s f i r s t made d e n s e r by t h e p a t c h w i s e f i t t i n g o f a 
t h i r d - o r d e r p o l y n o m i a l s u r f a c e t o t h e 4x4 g r i d s u r r o u n d i n g t h e 
c e l l u n d e r i n t e r e s t ( F i g u r e 2 . 1 5 ) . U s i n g t h e u s e r - d e f i n e d 
v a r i a b l e "NRE FS', ( d e f a u l t = 5 ) , and t h e n e w l y - g e n e r a t e d 
t h i r d - o r d e r p a t c h w i s e s u r f a c e , t h e m a i n g r i d c e l l , 2 x 2 , i s 
' d e n s i f i e d ' t o a NREFSxNREFS s u b - g r i d , and t h e i s a r i t h m s a r e 
t h r e a d e d t h r o u g h t h i s s u b - g r i d u s i n g s t r a i g h t l i n e segments 
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g e n e r a t e d by l i n e a r i n t e r p o l a t i o n b e t w e e n t h e g r i d n o d e s . I t 
s h o u l d be s t r e s s e d t h a t t h e s u b - g r i d i s o n l y t e m p o r a r i l y 
s t o r e d , and t h u s e v e r y t i m e an i s a r i t h m i s f o u n d t o pass 
t h r o u g h a ma i n g r i d c e l l , t h e s u b - g r i d must be r e - e s t a b l i s h e d , 
w i t h a r e s u l t a n t i n c r e a s e i n t i m e . 
2.5.2 GINOSURF 
The i n p u t t o GINOSURF may be a u s e r - s u p p l i e d m a t h e m a t i c a l 
f u n c t i o n ( w h i c h i s s o l v e d f o r each node o f a r e g u l a r g r i d ) , a 
s e t o f random d a t a ( w h i c h a r e t h e n i n t e r p o l a t e d o n t o a r e g u l a r 
g r i d ) , o r a r e g u l a r g r i d . B e f o r e i s a r i t h m s may be g e n e r a t e d , a 
r e g u l a r g r i d i s r e q u i r e d . Thus g e n e r a t i n g i s a r i t h m s f r o m 
random d a t a may be c o n s i d e r e d a t w o - s t a g e p r o c e s s - t h e 
i n t e r p o l a t i o n o f a g r i d and t h e n o f i s a r i t h m s . The r o u t i n e 
RANCON c o m b i n e s t h e two s t a g e s i n one c a l l o r , a l t e r n a t i v e l y , 
t h e u s e r may c a l l RANGRD ( t o f o r m a r e g u l a r g r i d ) and t h e n 
GRDCON t o p e r f o r m t h e i s a r i t h m t h r e a d i n g . 
The r a n d o m - t o - g r i d i n t e r p o l a t i o n i s t h a t d e s c r i b e d by 
F a l c o n e r ( 1 9 7 1 ) , and i s e s s e n t i a l l y a p o i n t w i s e , l e a s t 
s q u a r e s , r a t i o - w e i g h t e d , s e c o n d - o r d e r f i t . 
To o b t a i n t h e h e i g h t o f t h e s u r f a c e a t t h e g r i d node, o n l y 
t h o s e d a t a p o i n t s w i t h i n a c i r c l e o f r a d i u s s a r e s e l e c t e d . 
The u s e r s e l e c t s a p a r a m e t e r LP ( d e f a u l t = 24 ) , w h i c h i s t o be 
t h e a v e r a g e number o f p o i n t s w i t h i n a s e a r c h r a d i u s . The 
a l g o r i t h m t h e n d e r i v e s t h e v a l u e s, s u c h t h a t on a v e r a g e t h e r e 
w i l l be LP d a t a p o i n t s w i t h i n t h e c i r c l e . I f any c i r c u l a r 
p a t c h now c o n t a i n s f e w e r t h a n s i x p o i n t s , t h e n t h e r a d i u s o f 
t h a t p a t c h o n l y i s i n c r e a s e d u n t i l a t l e a s t s i x p o i n t s a r e 
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i n c l u d e d . S i x p o i n t s a r e r e q u i r e d i n o r d e r t o a v o i d 
s i n g u l a r i t y p r o b l e m s a t t h e f i t t i n g s t a g e . 
An a p p r o x i m a t e l e a s t s q u a r e s f i t i s now g e n e r a t e d a t each 
n o d e . The d a t a p o i n t s a r e w e i g h t e d by a f a c t o r w d e r i v e d f r o m 
t h e f o r m u l a , 
w = ( s - d ) Z / d 
w h e re d = t h e d i s t a n c e b e t w e e n t h e d a t a p o i n t 
and t h e g i v e n p o i n t , 
s = t h e a v e r a g e s e a r c h d i s t a n c e as d e f i n e d 
a b o v e . 
A p a r a b o l o i d i s e s t i m a t e d by t h e f i t . S i n c e f o u r p a r a m e t e r s 
a r e r e q u i r e d t o s p e c i f y a p a r a b o l o i d , i t i s e s s e n t i a l t h a t t h e 
c i r c l e c o n t a i n s a t l e a s t f o u r d a t a p o i n t s i f t h e l e a s t s q u a r e s 
e q u a t i o n s a r e t o be n o n - s i n g u l a r . P r o v i d e d s i s k e p t c o n s t a n t , 
t h e s u r f a c e d e f i n e d by t h i s i n t e r p o l a t i n g t e c h n i q u e w i l l be 
c o n t i n u o u s and have c o n t i n u o u s f i r s t d e r i v a t i v e s . 
H a v i n g t h u s d e r i v e d t h e g r i d o r i n p u t a r e g u l a r g r i d ? 
i s a r i t h m s may be i n t e r p o l a t e d by a c a l l t o RANCON, DRACON o r 
GRDCON. The method o f i s a r i t h m t r a c i n g i s t h a t o f Heap and 
P i n k ( 1 9 6 9 ) . Open i s a r i t h m s a r e t r a c e d f r o m one b o u n d a r y t o 
a n o t h e r and c l o s e d i s a r i t h m s a r e t r a c e d b a c k o n t o t h e m s e l v e s . 
Once t h e i n i t i a l p o i n t i s e s t a b l i s h e d by l i n e a r 
i n t e r p o l a t i o n b e t w e e n t h e two g r i d n o d e s , each i s a r i t h m i s 
t r a c e d t h r o u g h t h e r e l e v a n t g r i d c e l l s . When a g r i d c e l l i s 
e n t e r e d , t h e c e n t r e o f t h e r e c t a n g l e i s i n t e r p o l a t e d by a 
d i r e c t a v e r a g e o f t h e f o u r s u r r o u n d i n g n o d e s , and f o u r 
t r i a n g l e s f o r m e d ( F i g u r e 2 . 1 3 ) . The c r o s s i n g p o i n t a t t h e n e x t 
edge o f t h e t r i a n g l e u n d e r i n t e r e s t i s d e r i v e d by l i n e a r 
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i n t e r p o l a t i o n and t h u s t h e i s a r i t h m i s t r a c e d t h r o u g h each 
t r i a n g l e and t h r o u g h each r e c t a n g l e . Once t h e i s a r i t h m has 
been c o m p l e t e l y t r a c e d , t h e r e i s an o p t i o n t o smooth t h e 
i s a r i t h m u s i n g a p i e c e w i s e c u b i c f u n c t i o n ( M c C o n a l o g u e , 1 9 7 0 ) . 
2.5.3 SURFACE I I GRAPHICS 
SURFACE I I GRAPHICS (Sampson, 1 9 7 8 ) r e q u i r e s as i n p u t 
e i t h e r g r i d d e d o r random d a t a . I f random d a t a a r e i n p u t , a 
c h o i c e o f t h r e e r a n d o m - t o - g r i d i n t e r p o l a t i o n methods (GRID, 
KRIGE, and TREND) may be use d t o g e n e r a t e a r e g u l a r g r i d , 
w h i c h i s r e q u i r e d b e f o r e i s a r i t h m i n t e r p o l a t i o n may be 
u n d e r t a k e n . A f e a t u r e o f SURFACE I I GRAPHICS i s t h a t i f a g r i d 
node c a n n o t be e v a l u a t e d , i t i s s e t t o a d e f a u l t v a l u e and 
i s a r i t h m s a r e n o t t h r e a d e d t h r o u g h t h e i m m e d i a t e a r e a b e t w e e n 
t h e p o i n t and t h e n e i g h b o u r i n g n o d e s . 
2.5.3.1 GRID. 
The 'GRID' r o u t i n e i s a p o i n t w i s e d i s t a n c e - w e i g h t e d 
a v e r a g i n g method o f i n t e r p o l a t i o n . I t may be e i t h e r one- o r 
t w o - s t a g e . 
I f t h e o n e - s t a g e method i s u s e d , each g r i d v a l u e i s 
e s t i m a t e d by a w e i g h t e d a v e r a g e o f t h e sample d a t a p o i n t s 
f o u n d i n t h e s p e c i f i e d s e a r c h a r o u n d t h a t g r i d i n t e r s e c t i o n . 
The g r i d v a l u e w i l l t h u s be w i t h i n t h e r a n g e o f t h e d a t a . 
A l t e r n a t i v e l y , a method s i m i l a r t o t h a t o f t h e GPCP 
p o i n t w i s e method may be u s e d . The f i r s t s t a g e i n v o l v e s f i t t i n g 
l e a s t s q u a r e s , w e i g h t e d , f i r s t - o r d e r s u r f a c e s a t each d a t a 
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p o i n t t o t h e n e a r b y d a t a p o i n t s f o u n d by t h e s p e c i f i e d s e a r c h 
r o u t i n e . The s u r f a c e i s c o n s t r a i n e d t o pass t h r o u g h t h e d a t a 
p o i n t b e i n g e v a l u a t e d . For e a c h g r i d node b e i n g e v a l u a t e d , a 
l o c a l s e a r c h i s made. A w e i g h t e d a v e r a g e i s t h e n made o f t h e 
s o l u t i o n s o f t h e l o c a l d a t a s u r f a c e s a t t h e g r i d n o de. O v e r a l l 
f o u r v a r i a b l e s may be s p e c i f i e d . 
a. The i n t e r p o l a t i o n may be one- o r t w o - s t a g e - t h e 
d e f a u l t i s o n e - s t a g e . 
b. The w e i g h t i n g f u n c t i o n t o be use d i n b o t h o f t h e 
s t a g e s o f i n t e r p o l a t i o n , t h e o p t i o n s b e i n g : 
w = ( l - ( d / ( l - I s ) ) ) 2 , / ( d ( 1 . 1 s ) ) 2 " ( d e f a u l t ) , 
w = 1/d , 
w = 1 / d 1 , 
w = l M , 
w = l / d f e , 
w h e r e s = t h e d i s t a n c e f r o m t h e g r i d node b e i n g 
i n t e r p o l a t e d t o t h e most d i s t a n t d a t a 
p o i n t c o n t r i b u t i n g t o t h e e s t i m a t i o n . 
c. The s e a r c h may be s o l e l y on t h e b a s i s o f n e a r e s t 
n e i g h b o u r s ( F i g u r e 2 . 1 0 b ) . The number o f n e a r e s t n e i g h b o u r s 
t o be us e d ( d e f a u l t = 8 ) i s s p e c i f i e d w i t h t h e minimum and 
maximum s e a r c h r a d i u s t h a t w i l l be u s e d . I f t h e c o r r e c t 
number o f p o i n t s i s n o t f o u n d , t h e s e a r c h f a i l s and t h e 
g r i d node i s s e t t o t h e d e f a u l t v a l u e . 
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A l t e r n a t i v e l y , t h e s e a r c h may be based on a q u a d r a n t 
s e a r c h ( F i g u r e 2 . 1 0 c ) . W i t h i n e a c h q u a d r a n t , t h e s e a r c h i s 
p e r f o r m e d as f o r t h e n e a r e s t n e i g h b o u r , w i t h t h e p r o v i s o 
t h a t a s p e c i f i e d number o f q u a d r a n t s ( d e f a u l t = 3 ) must have 
a t l e a s t one d a t a p o i n t . 
S i m i l a r l y , an o c t a n t s e a r c h may be s p e c i f i e d . Sampson 
( 1 9 7 8 ) s u g g e s t s t h a t o c t a n t s e a r c h e s a r e b e t t e r f o r l i n e a r 
d a t a , b u t t e n d t o i n t r o d u c e more s m o o t h i n g t h a n q u a d r a n t 
s e a r c h e s w h i c h smooth more t h a n a n e a r e s t n e i g h b o u r s e a r c h . 
F i n a l l y , t h e s e a r c h may be based on a c i r c u l a r a r e a o f 
s p e c i f i e d s i z e a r o u n d t h e p o i n t o f i n t e r e s t ( F i g u r e 2 . 1 0 a ) . 
A 'VRADIUS' s e a r c h f i n d s a l l d a t a p o i n t s w i t h i n a s p e c i f i e d 
d i s t a n c e o f t h e p o i n t o f i n t e r e s t . A minimum ( d e f a u l t = 8 ) 
and maximum ( d e f a u l t = 1 2 ) number o f p o i n t s a r e s p e c i f i e d , 
and t h e r o u t i n e i n c r e m e n t a l l y expands t h e s e a r c h r a d i u s 
f r o m t h e minimum t o maximum u s e r - s p e c i f i e d r a d i u s o f s e a r c h 
u n t i l a number o f p o i n t s w i t h i n t h e r a n g e s p e c i f i e d i s 
f ound. 
d. I f any o f t h e s e a r c h e s f a i l , t h e p o i n t o r node u n d e r 
c o n s i d e r a t i o n i s s e t t o a d e f a u l t v a l u e . A d d i t i o n a l l y , t h e 
s e a r c h e s may be u s e d s e p a r a t e l y f o r e i t h e r s t a g e o f t h e 
i n t e r p o l a t i o n . 
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2.5.3.2 K r i g i n g . 
The U n i v e r s a l K r i g i n g a l g o r i t h m used i n SURFACE I I GRAPHICS 
was d e v e l o p e d by Olea ( 1 9 7 2 and 1 9 7 4 ) , and i s a p o i n t w i s e 
i n t e r p o l a t i o n m e t h o d . 
" I n t h e o r y , no o t h e r method o f g r i d g e n e r a t i o n can 
p r o d u c e more a c c u r a t e e s t i m a t e s o f t h e f o r m o f a mapped 
s u r f a c e . I n p r a c t i c e , t h e e f f e c t i v e n e s s o f k r i g i n g 
depends upon t h e p r o p e r s e l e c t i o n o f s e v e r a l p a r a m e t e r s , 
i n c l u d i n g t h e s l o p e o f t h e s e m i v a r i o g r a m . However, e v e n 
w i t h n a i v e e s t i m a t e s o f t h e s e p a r a m e t e r s , k r i g i n g w i l l do 
no w o r s e t h a n a r b i t r a r i l y e s t i m a t i n g p r o c e d u r e s s u c h as 
t h o s e i n 'GRID'" (Sampson, 1978, 1 1 1 ) . 
K r i g i n g i s e x p l a i n e d e l s e w h e r e I n t h i s c h a p t e r and 
t h e r e f o r e o n l y a b r i e f o u t l i n e o f t h e I m p l e m e n t a t i o n w i l l be 
d i s c u s s e d h e r e . 
The a l g o r i t h m r e q u e s t s u s e r s p e c i f i c a t i o n o f t h e s l o p e o f 
t h e s e m i v a r i o g r a m w i t h i n t h e s t a n d a r d n e i g h b o u r h o o d and w i d e 
n e i g h b o u r h o o d w h i c h d e f a u l t s t o 1 . I n a d d i t i o n , an OCTANT 
s e a r c h i s r e q u i r e d w i t h d i f f e r e n t p a r a m e t e r s f o r t h e s t a n d a r d 
and w i d e n e i g h b o u r h o o d s e a r c h e s . 
2.5.3.3 T r e n d . 
'TREND' may be used t o f i t a g l o b a l l e a s t s q u a r e s 
p o l y n o m i a l s u r f a c e o f up t o s i x t h - o r d e r ( d e f a u l t = 3 ) t o random 
d a t a . The r e s u l t a n t c o e f f i c i e n t s a r e s o l v e d t o p r o d u c e a 
r e g u l a r g r i d . U n f o r t u n a t e l y , t h i s o p t i o n was n o t a v a i l a b l e i n 
t h e i m p l e m e n t a t i o n u s e d . 
H a v i n g t h u s g e n e r a t e d o r i n p u t a r e g u l a r g r i d , s t r a i g h t 
i s a r i t h m s may be g e n e r a t e d d i r e c t l y f r o m t h e g r i d by l i n e a r 
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I n t e r p o l a t i o n b e t w e e n t h e g r i d n o d e s . These may be smoothed 
s u b s e q u e n t l y by p i e c e w l s e B e s s e l i n t e r p o l a t i o n w i t h i n e ach 
g r i d c e l l . F i r s t , a l i n e i s c a l c u l a t e d a t t h e p o i n t o f 
I n t e r s e c t i o n o f t h e i s a r i t h m l i n e w i t h t h e edge o f a g r i d 
c e l l , so t h a t t h e a n g l e s b e t w e e n t h e l i n e and t h e i s a r i t h m 
segments a r e e q u a l . I f t h e s l o p e o f t h e i s a r i t h m e x c e e d s t h e 
u s e r - s p e c i f i e d v a l u e , i t i s s e t t o t h e s p e c i f i e d v a l u e . Once 
t h e s l o p e s a r e e s t a b l i s h e d a t b o t h e n d - p o i n t s o f a segment 
w i t h i n a g r i d - c e l l , i n t e r m e d i a t e v a l u e s c an be c a l c u l a t e d by a 
B e s s e l a l g o r i t h m i f s m o o t h i n g i s r e q u i r e d . 
2.5.4 SACM ( S u r f a c e A p p r o x i m a t i o n s And C o n t o u r M a p p i n g ) 
The SACM p a c k a g e , d e d i c a t e d t o s u r f a c e i n t e r p o l a t i o n and 
i s a r i t h m i n t e r p o l a t i o n o n l y , was c o n c e i v e d by A s s i t e r ( 1 9 6 7 ) . 
SACM, i n i t s s t a n d a r d f o r m , encompasses f o u r methods o f 
g e n e r a t i n g a r e g u l a r g r i d . The g r i d may be d e r i v e d f r o m 
u s e r - s u p p l i e d c o e f f i c i e n t s o f a power s e r i e s where up t o 
t e n t h - o r d e r may be i n p u t . A g l o b a l o r t h o g o n a l p o l y n o m i a l , 
whose d e g r e e i s i n t h e r a n g e one t o e i g h t , may be g e n e r a t e d by 
l e a s t s q u a r e s . T h i s may be s i m i l a r l y s o l v e d f o r each g r i d 
node. A l t e r n a t i v e l y , l o c a l f u n c t i o n s i n t h e f o r m o f l i n e a r 
c o m b i n a t i o n s o f t h e o r t h o g o n a l p o l y n o m i a l s may be g e n e r a t e d . 
F i n a l l y - and t h e o n l y i n t e r p o l a t i o n method t h a t was a v a i l a b l e 
i n t h e i m p l e m e n t a t i o n a c c e s s e d - i s t h e s t a n d a r d ' N u m e r i c a l 
A p p r o x i m a t i o n ' . 
The n u m e r i c a l a p p r o x i m a t i o n s y s t e m , d e s c r i b e d by B a t c h a and 
Reese ( 1 9 6 5 ) and W a l t e r s ( 1 9 6 9 ) , i s a t w o - p a s s p a t c h w i s e 
s y s t e m . I n t h e f i r s t p a s s , g r i d nodes o f s q u a r e s t h a t c o n t a i n 
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one o r more d a t a p o i n t s a r e c a l c u l a t e d u s i n g a p a t c h w i s e l e a s t 
s q u a r e s , w e i g h t e d l i n e a r s u r f a c e ( ' s e c a n t ' p l a n e ) p a s s i n g 
t h r o u g h t h e d a t a p o i n t , o r a v e r a g e p o i n t i f t h e r e i s more t h a n 
one. The n e a r e s t d a t a p o i n t i n each o f t h e o c t a n t s s u r r o u n d i n g 
t h e p o i n t i s used I n c a l c u l a t i n g t h i s s u r f a c e . The s u r f a c e i s 
t h e n used t o e v a l u a t e t h e f o u r s u r r o u n d i n g g r i d n o d e s . The 
second pass e s t a b l i s h e s t h e v a l u e s f o r a l l r e m a i n i n g g r i d 
nodes by p r o g r e s s i v e l y w o r k i n g o u t w a r d f r o m t h e a l r e a d y 
c a l c u l a t e d mesh p o i n t s . The g r i d nodes a r e c a l c u l a t e d by 
a v e r a g i n g two p l a n e s , t h e s e c o n d o f w h i c h i s a t a n g e n t p l a n e 
d e t e r m i n e d by means o f a f i r s t - o r d e r f i n i t e - d i f f e r e n c e 
e q u a t i o n , w h i c h r e f l e c t s t h e s l o p e s o f t h e p l a n e s a t n e a r b y 
c a l c u l a t e d g r i d p o i n t s . 
I s a r i t h m i n t e r p o l a t i o n r e q u i r e s an i n t e r p o l a t e d r e g u l a r 
g r i d , t h e i s a r i t h m s b e i n g t r a c e d t h r o u g h t h e m a i n g r i d by 
l i n e a r l y i n t e r p o l a t i n g a c r o s s i n d i v i d u a l g r i d c e l l s . 
2.5.5 SYMAP ( S Y n o g r a p h i c MAPping P a c k a g e ) 
SYMAP i s p e r h a p s t h e e a r l i e s t and b e s t known I s a r i t h m 
p a c k a g e , p r o d u c i n g l i n e - p r i n t e r i s a r i t h m maps f r o m a g r i d 
g e n e r a t e d f r o m random d a t a . I t s h o u l d be s t r e s s e d t h a t t h e 
p r o g r a m does n o t a l l o w f o r a r e g u l a r g r i d t o be i n p u t 
d i r e c t l y , hence I n p u t must c o n s i s t o f x , y , and z v a l u e s ^ w h i c h 
- u n l i k e t h e o t h e r c o m m e r c i a l p a c k a g e s - must have t h e i r 
o r i g i n a t t h e t o p l e f t . The r a n d o m - t o - g r i d i n t e r p o l a t i o n 
a l g o r i t h m ( S h e p a r d , 1968) i s p o i n t w i s e and uses d i s t a n c e and 
d i r e c t i o n w e i g h t i n g i n a w e i g h t e d mean o f l o c a l d a t a t a n g e n t 
p l a n e s . 
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Once t h e d a t a have been I n p u t , l o c a l l i n e a r p o l y n o m i a l 
s u r f a c e s a r e f i t t e d a t e a c h d a t a p o i n t t o t h e s u r r o u n d i n g d a t a 
p o i n t s , and c o n s t r a i n e d t o pass t h r o u g h t h e d a t a p o i n t o f 
i n t e r e s t - The number o f s u r r o u n d i n g p o i n t s u s e d v a r i e s w i t h 
t h e s e a r c h p r o c e d u r e , w h i c h i s a s i m i l a r t e c h n i q u e t o t h e 
SURFACE I I GRAPHICS 'VRADIUS' s e a r c h - An i n i t i a l s e a r c h r a d i u s 
and maximum s e a r c h r a d i u s a r e s p e c i f i e d by t h e u s e r . 
A d d i t i o n a l l y , t h e minimum ( d e f a u l t = 4 ) and maximum ( d e f a u l t = 1 0 ) 
number o f p o i n t s t o be s e a r c h e d f o r a r e a l s o s p e c i f i e d , w i t h 
t h e p r o v i s o t h a t an a v e r a g e s e v e n p o i n t s s h o u l d be f o u n d s 
For each g r i d node, t h e d a t a p o i n t s a r e scanned f o r p o i n t s 
w i t h i n t h e s e a r c h r a d i u s s p e c i f l e d , w h i c h i s l o c a l l y a l t e r e d 
u n t i l t h e s p e c i f i e d number o f p o i n t s i s f o u n d . U s i n g t h e 
r e s u l t a n t d a t a p o i n t s , t h e l i n e a r s u r f a c e s p r e v i o u s l y d e f i n e d 
a r e s o l v e d a t t h e g r i d n o d e , and t h e s e v a l u e s a r e u s e d I n t h e 
w e i g h t e d mean. However, u n l i k e many - o t h e r p a c k a g e s , t h e 
i n t e r m e d i a t e v a l u e s d e r i v e d f r o m t h e l i n e a r p o l y n o m i a l 
s u r f a c e s a r e r e s t r a i n e d so t h a t 
" t h e e f f e c t o f s l o p e w i l l be l i m i t e d t o o n e - h a l f t h e 
i s a r i t h m i n t e r v a l " ( S h e p a r d , 1968, 5 2 0 ) . 
The w e i g h t i n g f a c t o r encompasses b o t h t h e n o d e / d a t a p o i n t 
d i s t a n c e and t h e d i r e c t i o n a l d i s p e r s i o n o f t h e d a t a . The 
f o r m e r i s d e r i v e d f r o m a s i m p l e r f u n c t i o n o f d i s t a n c e s q u a r e d . 
The l a t t e r , t h e d i r e c t i o n a l d i s p e r s i o n , i s d e r i v e d as f o l l o w s . 
A ssuming two d a t a p o i n t s D, , ( x t , y, ) and , ( x , y 2 ) and t h e i r 
d i s t a n c e s t o t h e g r i d node P , ( x , y ) as d, , d 2 , t h e c o s i n e o f 
t h e a n g l e may be d e f i n e d , 
cos (D ( P D^) «= ( ( x - x ( ) . ( x - x i ) + ( y - y | ) . ( y - y i ) ) / d i d^. 
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S i n c e f o r a l l a n g l e s - 1 ^  cos (6) 1, 
where Q = <D,P D^, 
i t f o l l o w s t h a t i f t = 1 - cos (0), 
0 ^ t < 2. 
T h e r e f o r e , i f t h e a n g l e D, P Dz i s s m a l l , t w i l l be n e a r 0. As 
t h e a n g l e i n c r e a s e s t o 180°^ t i n c r e a s e s t o 2. t may t h e r e f o r e 
be used as a w e i g h t i n g e s t i m a t e f o r a n g u l a r d i s p e r s i o n . T h i s 
w e i g h t i n g i s c o m b i n e d w i t h t h e d i s t a n c e w e i g h t i n g t o o b t a i n 
t h e g e n e r a l f u n c t i o n , 
w = d 2 . ( 1 + t ) , 
and t h e s t a n d a r d f o r m u l a , 
z = ( w 6 h ) ) / ( ^ w c ) a p p l i e d ; 
where n = t h e number o f p o i n t s f o u n d by t h e 
s e a r c h i n g r o u t i n e . 
H a v i n g g e n e r a t e d t h e g r i d c e l l s , t h e I n d i v i d u a l s y m b o l s on 
t h e f i n a l l i n e p r i n t e r map ( i f t h e r e l e v a n t o p t i o n s a r e 
s e l e c t e d ) a r e a s s i g n e d i n r e l a t i o n t o t h e i n t e r p o l a t e d v a l u e 
and t h e r e s u l t s p r i n t e d row by row. Thus I s a r i t h m s as s u c h a r e 
n o t g e n e r a t e d i n s u c h a p r o c e d u r e . However, l i n e - p r i n t e r maps 
were n o t s e r i o u s l y c o n s i d e r e d i n t h i s r e s e a r c h , a l t h o u g h t h e y 
do p r o v i d e a u s e f u l ' q u i c k - l o o k ' f a c i l i t y . 
2-5.6 GHOT 
GHOT i s a r a n d o m - t o - g r i d p r o g r a m u t i l i s i n g t h e r o u t i n e s 
REGRID and DWLSQl ( W o r s t e r , 1 9 7 9 ) . The i n t e r p o l a t i o n m e t h o d i s 
t h a t o f a p o i n t w i s e , d i s t a n c e - w e i g h t e d , l e a s t s q u a r e s , 
s e c o n d - o r d e r p o l y n o m i a l f i t . I t I s t h u s s i m i l a r t o t h e 
GINOSURF 'RANGRD' r o u t i n e , w i t h t h e e x c e p t i o n t h a t a f u l l 
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6 - t e r m q u a d r a t i c p o l y n o m i a l i s us e d and t h e s e a r c h and 
w e i g h t i n g f u n c t i o n s a r e s l i g h t l y d i f f e r e n t . 
The s e a r c h r a d i u s ' s ' i s f i r s t c omputed f r o m t h e f u l l d a t a 
s e t such t h a t , on a v e r a g e , 30 p o i n t s w i l l l i e i n s i d e a c i r c l e 
o f t h i s r a d i u s c e n t r e d on each g r i d node. F o r each node i n 
t u r n , a l l t h e d a t a p o i n t s a r e c h e c k e d t o see i f t h e y l i e 
w i t h i n t h e c i r c l e c e n t r e d on t h e node, and i f s o , t h e 
w e i g h t i n g f a c t o r , 
w = ( s - d ) 2 - / s i , 
w here s = t h e r a d i u s as d e f i n e d a b o v e , 
i s c o mputed. A t t h i s s t a g e i f any p o i n t i s f o u n d t o l i e w i t h i n 
a m i n i m a l t o l e r a n c e , t h e node v a l u e i s s e t t o t h e d a t a v a l u e . 
I f no d a t a p o i n t l i e s w i t h i n t h e r e q u i r e d t o l e r a n c e , t h e 
p o i n t w i s e s u r f a c e i s f i t t e d by l e a s t s q u a r e s u s i n g a l l t h e 
d a t a p o i n t s w i t h i n t h e s e a r c h r a d i u s and s o l v e d a t t h e g r i d 
node. U n l i k e most p r o g r a m s , no a l l o w a n c e i s made f o r a l a c k o f 
p o i n t s w i t h i n t h e s e a r c h r a d i u s , and t h i s c r e a t e s s e r i o u s 
p r o b l e m s o f i l l - c o n d i t i o n i n g i f a p o o r d i s t r i b u t i o n o r l o w 
number o f p o i n t s e x i s t s . 
2.5.7 BRAILE 
BRAILE c o n s i s t s o f a s e r i e s o f FORTRAN I V s u b r o u t i n e s 
d e r i v e d f r o m v a r i o u s s o u r c e s and m o d i f i e d by t h e a u t h o r t o 
p e r f o r m r a n d o m - t o - g r i d i n t e r p o l a t i o n . I t computes a r e g u l a r 
g r i d f r o m r a n d o m l y s p a c e d d a t a by t h e method o f p a t c h w i s e 
i n t e r p o l a t i o n u s i n g l o c a l , l o w - o r d e r l e a s t s q u a r e s p o l y n o m i a l 
f i t s . The g r i d i s s y s t e m a t i c a l l y s u b - d i v i d e d by u s e r - s p e c i f i e d 
v a r i a b l e s i n t o r e g u l a r s u b - g r i d s . Each s u b - g r i d i s t h e n u s e d 
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as t h e c e n t r e f o r a r e c t a n g u l a r p a t c h , w h i c h i s s e a r c h e d f o r 
any d a t a p o i n t s . T h i s s e a r c h p a t c h may e x a c t l y a b u t o n t o 
n e i g h b o u r i n g p a t c h e s , o r more l i k e l y o v e r l a p s may o c c u r ( s e e 
2 . 4 . 1 . 2 . 2 ) . The d a t a p o i n t s a r e t h e n used i n a l e a s t s q u a r e s 
f i t t o p r o d u c e l o c a l p o l y n o m i a l c o e f f i c i e n t s o f u s e r - s p e c i f i e d 
o r d e r - u s u a l l y f i r s t t o f o u r t h . A t t h i s s t a g e , i f t h e r e a r e 
n o t s u f f i c i e n t p o i n t s t o s o l v e t h e o r d e r o f p o l y n o m i a l 
r e q u e s t e d o r t h e number o f r e d u n d a n t p o i n t s i s l e s s t h a n t h a t 
r e q u e s t e d by t h e u s e r , a l o w e r - o r d e r p o l y n o m i a l i s f i t t e d . The 
p r o g r a m t e r m i n a t e s once a l l t h e s u b - g r i d s have been s o l v e d . 
2.5.8 MINCURV 
MINCURV p e r f o r m s r a n d o m - t o - g r i d i n t e r p o l a t i o n u s i n g t h e 
d i f f e r e n c e e q u a t i o n s d e r i v e d f r o m t h e r e q u i r e m e n t o f minimum 
t o t a l c u r v a t u r e f o r t h e s u r f a c e a t t h e g r i d n o d e s . I t i s a 
p o i n t w i s e method o f i n t e r p o l a t i o n , i n v o l v i n g a t w o - s t a g e 
p r o c e s s . 
T h r o u g h o u t t h e p r o g r a m , a q u a d r a t i c w e i g h t i n g f u n c t i o n I s 
used based on F a l c o n e r ( 1 9 7 1 ) , 
w = ( ( s - d ) / d 
where s = t h e s e a r c h r a d i u s . 
The f i r s t s t a g e i n v o l v e s t h e i n t e r p o l a t i o n o f a s p a r s e i n i t i a l 
g r i d u s i n g a w e i g h t e d mean o f t h e s u r r o u n d i n g d a t a p o i n t s . The 
maximum s e a r c h r a d i u s i s d e f i n e d by t h e u s e r , and t h u s t h e 
p r o c e s s i s s i m i l a r t o t h e SURFACE I I GRAPHICS - 'GRID' 
i n t e r p o l a t i o n ( o n e - s t a g e ) w i t h an a r e a s e a r c h ( 2 . 4 . 1 - 1 . 1 ) . 
H a v i n g e s t a b l i s h e d t h e i n i t i a l g r i d , w h i c h i s e q u i v a l e n t t o 
e v e r y L t h e l e m e n t o f t h e f i n a l g r i d ( L = 1 , 2 , 4 , 8 , . . . ) , t h i s g r i d 
INTERPOLATION 
106 
i s f u r t h e r i n t e r p o l a t e d u s i n g t h e second s t a g e p r o c e s s . The 
g r i d I s ' d e n s i f i e d ' by h a l v i n g t h e r e s o l u t i o n , and t h e unknown 
g r i d nodes s o l v e d i t e r a t i v e l y by s y s t e m a t i c a l l y f i t t i n g 
p o i n t w i s e , q u a d r a t i c - w e i g h t e d ^ f o u r t h - o r d e r , f i n i t e d i f f e r e n c e 
s u r f a c e s t o s i m u l a t e s p l i n i n g . The i t e r a t i o n a t any 
p a r t i c u l a r l e v e l o f g r i d r e s o l u t i o n o n l y t e r m i n a t e s once t h e 
d i f f e r e n c e b e t w e e n t h e g r i d nodes o f t h e p r e v i o u s two 
i t e r a t i o n s i s l e s s t h a n DELTA - a u s e r s p e c i f i e d c o n s t a n t . The 
r e s o l u t i o n i s once a g a i n h a l v e d and t h e p r o c e d u r e c o n t i n u e d 
u n t i l t h e r e q u i r e d g r i d r e s o l u t i o n and s i z e a r e o b t a i n e d . The 
method may t h u s be c o n s i d e r e d d o u b l y i t e r a t i v e , f i r s t i n t e r m s 
o f g r i d r e s o l u t i o n and s e c o n d i n t e r m s o f p r e c i s i o n o f f i t 
w i t h i n any r e s o l u t i o n . 
2.5.9 MULTI 
MULTI p e r f o r m s r a n d o m - t o - g r i d i n t e r p o l a t i o n o n l y , e m p l o y i n g 
t h e t h e o r y o f m u l t i q u a d r i c a n a l y s i s ( s e e 2 . 4 . 1 . 2 . 2 . 1 ) . I t i s 
t h u s a h y b r i d f o r m o f i n t e r p o l a t i o n , i n v o l v i n g a s u m m a t i o n o f 
s u r f a c e s . W h i l e s e v e r a l f o r m s o f q u a d r i c may be u s e d , t h e cone 
( a s d e s c r i b e d e a r l i e r ) was t h e o n l y f o r m c h o s e n . 
2.5.10 GHOST 
The GHOST package i s a g e n e r a l g r a p h i c s s u b r o u t i n e l i b r a r y 
o f w h i c h t h e I s a r i t h m i n t e r p o l a t i o n r o u t i n e s CONTIA, CONTIL, 
CONTRA and CONTRL r e p r e s e n t a s m a l l s e c t i o n . W h i l e t h e s e 
r o u t i n e s o n l y p e r f o r m g r i d - t o - i s a r I t h m i n t e r p o l a t i o n , t h i s may 
be f r o m a r e g u l a r o r i r r e g u l a r g r i d . I r r e g u l a r g r i d s a r e 
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h a n d l e d by r o u t i n e s CONTIA and CONTIL, r e g u l a r g r i d s by CONTRA 
and CONTRL. S i m i l a r l y , c a l l s o f CONTRL and CONTIL w i l l r e s u l t 
i n s t r a i g h t l i n e i s a r i t h m s , w h i l e CONTRA and CONTIA r e s u l t i n 
smooth c o n t i n u o u s i s a r i t h m s . I s a r i t h m s a r e g e n e r a t e d by 
d i a g o n a l l y d i v i d i n g e a c h r e c t a n g u l a r g r i d c e l l i n t o two 
t r i a n g l e s , and u s i n g i n v e r s e l i n e a r i n t e r p o l a t i o n t o d e t e r m i n e 
t h e i n t e r s e c t i o n s o f t h e i s a r i t h m s w i t h t h e s i d e s o f t h e 
t r i a n g l e s ( s e e 2.4.2.1 and 2 . 4 . 3 . 1 ) . I f l i n e a r i s a r i t h m s a r e 
r e q u e s t e d , t h e i n t e r s e c t i o n p o i n t s a r e c o n n e c t e d by s t r a i g h t 
l i n e s . Smooth i s a r i t h m s u t i l i s e t h e c u r v e f i t t i n g r o u t i n e 
CURVEO. 
CURVEO f i t s p i e c e w i s e c u b i c s p l i n e s t o t h e I n t e r s e c t i o n 
p o i n t s t h u s e n s u r i n g c o n t i n u i t y o f s l o p e , and t h e n 
a p p r o x i m a t e s t h e s e c u r v e s by s t r a i g h t l i n e s e gments t o a 
d e f a u l t r e s o l u t i o n . T h i s r e s u l t s I n v a r i a b l e l e n g t h i s a r i t h m 
segments d e p e n d i n g on t h e c u r v a t u r e r a d i u s . Where t h e r a d i u s 
o f c u r v a t u r e i s l a r g e , s e g m e n t s w i l l be l o n g , and v i c e v e r s a . 
2.5.11 CONSYS 
CONSYS ( C e d e r q u i s t , 1 9 7 6 ) o n l y a l l o w s f o r i s a r i t h m 
i n t e r p o l a t i o n f r o m a r e c t a n g u l a r g r i d w h i c h has r e g u l a r o r 
i r r e g u l a r i n c r e m e n t s a l o n g e a c h a x i s . The i n t e r p o l a t i o n m e t h o d 
p r o d u c e s r a s t e r i s a r i t h m s e g m e n t s w i t h t h e s c a n i n y and 
w i t h i n t h a t i n x. I n any g r i d c e l l , t h e c e n t r e I s f i r s t 
d e r i v e d as a mean o f t h e f o u r s u r r o u n d i n g g r i d nodes 
( 2 . 4 . 2 . 1 . 2 ) . The c o r n e r s and t h e c e n t r e a r e t h e n c o n s i d e r e d t o 
be c o n n e c t e d w i t h l i n e s e g m e n t s w h i c h a r e i n t u r n numbered 1 
t h r o u g h 8. Each segment i s t h e n t e s t e d i n t u r n t o see i f i t 
INTERPOLATION 
108 
has an i n t e r s e c t i o n w i t h t h e r e l e v a n t i s a r i t h m . Any r e s u l t a n t 
i n t e r s e c t i o n s a r e computed by l i n e a r i n t e r p o l a t i o n a l o n g t h e 
l i n e segment, and once t h e 8 segments i n a c e l l have been 
e x a m i n e d , t h e y a r e s o r t e d t o p r o v i d e an i s a r i t h m segment 
w i t h i n t h a t g r i d c e l l . The r e s t o f t h e c e l l s a r e s e a r c h e d f o r 
a l l t h e i s a r i t h m l e v e l s and t h u s an i s a r i t h m map i s b u i l t up 
c e l l by c e l l . 
An i n h e r e n t f e a t u r e o f CONSYS i s t h u s t h e s h a r p l i n e a r 
i s a r i t h m s , w h i c h r e q u i r e a p l o t t e r w i t h h i g h r e p e a t a b i l i t y i f 
t h e map i s t o l o o k r e a s o n a b l e . T h i s c o u l d be overcome by a 
second pass t o l i n k , a l l l i n e s e gments t o g e t h e r ; h o w e v er CONSYS 
r e l i e s on s i m p l i c i t y o f method and r e s u l t s . 
2.5.12 PTC 
The p r o g r a m DTC i s t h e o n l y r a n d o m - t o - i s a r i t h m p r o g r a m 
e v a l u a t e d . I t c o n s i s t s o f a s e r i e s o f r o u t i n e s w r i t t e n by 
Green and S i b s o n ( 1 9 7 8 ) w h i c h p e r f o r m a D e l a u n a y 
T r i a n g u l a t i o n , t o g e t h e r w i t h a s e r i e s o f r o u t i n e s w h i c h 
c o n v e r t t h e raw o u t p u t f r o m t h e t r i a n g u l a t i o n i n t o a s e r i e s o f 
i s a r i t h m s , w r i t t e n by t h e a u t h o r . 
A c o n s i d e r a t i o n o f t h e t r i a n g u l a t i o n methods a v a i l a b l e i s 
g i v e n i n 2.4.2.2. S i b s o n s t a t e s t h a t , 
"a t r i a n g u l a t i o n i s r e g a r d e d as good f o r t h e p u r p o s e s 
o f i n t e r p o l a t i o n i f i t s t r i a n g l e s a r e n e a r l y e q u i a n g u l a r " 
S i b s o n ( 1 9 7 8 , 2 4 3 ) . 
A d d i t i o n a l l y , he p r o v e s t h a t , 
" t h e r e i s o n l y one l o c a l l y e q u i a n g u l a r t r i a n g u l a t i o n 
o f t h e c o n v e x h u l l o f a f i n i t e s e t o f d i s t i n c t d a t a 
s i t e s " ( S i b s o n , 1978, 2 4 3 ) , 
and t h a t t h a t t r i a n g u l a t i o n i s t h e D e l a u n a y t r i a n g u l a t i o n , 
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t h e d u a l o f t h e D i r i c h l e t / V o r o n o i / T h i e s s e n t e s s e l a t i o n . Thus 
t h e Green and S i b s o n ( 1 9 7 8 ) s u b r o u t i n e s were a d o p t e d and 
a d a p t e d f o r i s a r l t h m i n t e r p o l a t i o n . 
H a v i n g r e a d t h e d a t a p o i n t s , t h e p r o g r a m p e r f o r i n s t h e 
t r i a n g u l a t i o n w h i c h i s t h e n d e v e l o p e d i n t o an i n t e g r a t e d 
t r i a n g u l a t i o n n e t w o r k . Any i s a r i t h m l e v e l s may be r e q u e s t e d by 
t h e u s e r , and t h e r e s u l t a n t i s a r i t h m s a r e t h r e a d e d by l i n e a r 
i n t e r p o l a t i o n . The e x t e r n a l t r i a n g l e s a r e f i r s t s e a r c h e d f o r 
s i d e s w i t h a s t a r t i n g p o i n t a t a p a r t i c u l a r l e v e l . Once an 
a p p r o p r i a t e s i d e i s f o u n d , l i n e a r i n t e r p o l a t i o n t a k e s p l a c e t o 
d e f i n e t h e s t a r t i n g p o i n t o f t h e i s a r i t h m . The o t h e r two s i d e s 
o f t h e t r i a n g l e a r e s e a r c h e d f o r an e x i t p o i n t f o r t h e 
i s a r i t h m w h i c h becomes t h e e n t r y p o i n t t o t h e n e x t t r i a n g l e . 
Thus t h e i s a r i t h m i s p a s s e d f r o m t r i a n g l e t o t r i a n g l e u n t i l i t 
r e a c h e s a n o t h e r e x t e r n a l s i d e . The i n t e r n a l t r i a n g l e s a r e n e x t 
s e a r c h e d and a s i m i l a r p r o c e d u r e e n c o u n t e r e d t o t h r e a d t h e 
i s a r i t h m s . 
F o l l o w i n g t h e g e n e r a t i o n o f t h e r e s u l t a n t 
s t r a i g h t - s e c t i o n e d a n g u l a r i s a r i t h m s , a p i e c e w i s e c u b i c 
p o l y n o m i a l may be f i t t e d t o t h e i n t e r p o l a t e d p o i n t s on t h e 
i s a r i t h m t o p r o d u c e s m o o t h i s a r i t h m s . The s m o o t h i n g r o u t i n e i s 
t h e a l g o r i t h m by Akima ( 1 9 7 0 ) w h i c h i s c a l l e d once t h e w h o l e 
i s a r i t h m has been g e n e r a t e d . The u s e r can c o n t r o l t h e 
smoothness by s e l e c t i n g t h e number o f i n t e r m e d i a t e p o i n t s 
b e t w e e n t h e o r i g i n a l l y i n t e r p o l a t e d p o i n t s . 
2.6 SUMMARY 
I t i s o b v i o u s f r o m t h e p r e v i o u s d i s c u s s i o n t h a t d i g i t a l 
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m o d e l l i n g has become t h e c a t a l y s t , f o r many s u r f a c e - r e l a t e d 
a p p l i c a t i o n s i n many d i s c i p l i n e s o v e r t h e l a s t d e c a d e . W h i l e 
t h i s r e s e a r c h i s r e s t r i c t e d t o i s a r i t h m i n t e r p o l a t i o n , t h e 
i m p o r t a n c e o f r a n d o m - t o - g r i d i n t e r p o l a t i o n and g r i d - o r 
r a n d o m - t o - t r i a n g u l a t i o n m ethods as t h e k e r n e l o f a l l d i g i t a l 
m o d e l l i n g a p p l i c a t i o n s has been s t r e s s e d . T h e r e f o r e a l l u s e r s 
i n t h o s e d i s c i p l i n e s and a p p l i c a t i o n s r e q u i r i n g d i g i t a l 
m o d e l l i n g n e c e s s a r i l y r e q u i r e an u n d e r s t a n d i n g o f t h e r e l a t i v e 
a c c u r a c i e s o f i s a r i t h m and r a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n . 
A d d i t i o n a l l y , w h i l e t h e s u r f a c e s and d a t a s a m p l e s u t i l i s e d 
v a r y q u i t e c o n s i d e r a b l y , t h e i r c h a r a c t e r i s t i c s must be 
c a r e f u l l y a s s e s s e d i n c o n j u n c t i o n w i t h t h e i n t e r p o l a t i o n . 
F i n a l l y , i t has been shown t h a t t h e i n t e r p o l a t i o n p r o g r a m s 
e x a m i n e d r e p r e s e n t a r e a s o n a b l y c o m p l e t e and r e p r e s e n t a t i v e 
c r o s s - s e c t i o n o f t h e i n t e r p o l a t i o n methods g e n e r a l l y 
a v a i l a b l e . 
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I t I s g e n e r a l l y a c c e p t e d t h a t , w i t h i n any s t u d y o f s u r f a c e 
r e c o n s t r u c t i o n , t h e two main v a r i a b l e s a r e t h e c h a r a c t e r i s t i c s 
o f t h e d a t a and t h e method o f s u r f a c e r e c o n s t r u c t i o n ( o r 
i n t e r p o l a t i o n ) . The l a t t e r was c o n s i d e r e d i n t h e p r e v i o u s 
c h a p t e r . The f o r m e r , d a t a c h a r a c t e r i s t i c s , may be s u b - d i v i d e d 
i n t o t h e i n h e r e n t p r o p e r t i e s o f t h e s u r f a c e ( c o n s i d e r e d i n 
C h a p t e r 4 ) and t h e d a t a s a m p l i n g c h a r a c t e r i s t i c s . 
C h a r a c t e r i s t i c s o f t h e s a m p l i n g p r o c e s s a r e i m p o r t a n t s i n c e 
s a m p l i n g p r o c e s s e s must be c o n s i d e r e d a f o r m o f d a t a 
c o m p r e s s i o n a n d, as s u c h , a r e o f p r i m a r y i m p o r t a n c e i f t h e 
f i d e l i t y o f t h e d a t a i s t o be m a i n t a i n e d . S i m i l a r l y , 
i n t e r p o l a t i o n must be c o n s i d e r e d as a f o r m o f d a t a 
d e n s i f i c a t i o n w h i c h can o n l y be s u c c e s s f u l l y a c h i e v e d i f t h e 
d a t a c h a r a c t e r i s t i c s have been p r e s e r v e d . 
When e s t a b l i s h i n g a d a t a s a m p l e , t h e r e a r e f o u r a s s o c i a t e d 
c o n s i d e r a t i o n s . The sample s i z e ( o r d e n s i t y ) i s u s u a l l y 
p r e - d e f i n e d : L e b e r l ( 1 9 7 3 ) has s u g g e s t e d t h a t a d i r e c t l i n e a r 
r e l a t i o n s h i p e x i s t s b e t w e e n a c c u r a c y o f r e c o n s t r u c t e d d a t a and 
s a m p l i n g d e n s i t y - S i m i l a r l y , t h e s a m p l i n g t e c h n i q u e and t h e 
d a t a s u r f a c e a r e u s u a l l y p r e - d e f i n e d , a l t h o u g h t h e y may 
d i r e c t l y c o n t r o l t h e a c c u r a c y o f t h e d a t a . F i n a l l y , t h e 
s a m p l i n g p a t t e r n ( o r t y p e o f d a t a s e t ) i s u s u a l l y a m a t t e r o f 
c h o i c e a l t h o u g h i t i s g e n e r a l l y r e l a t e d t o t h e d a t a 
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a p p l i c a t i o n , o r more l i k e l y t o t h e u s e r ' s i n t e r p r e t a t i o n o f 
t h e o p t i m u m s a m p l i n g p a t t e r n f o r t h e r e q u i r e d a p p l i c a t i o n and 
r e s o u r c e a v a i l a b i l i t y - s a m p l i n g on a g r i d o f t e n g i v e s r i s e t o 
a c c e s s p r o b l e m s i n t h e f i e l d . 
T h i s c h a p t e r w i l l b r i e f l y e x a m i n e t h e methods o f 
c l a s s i f i c a t i o n o f d a t a s e t t y p e i n an a t t e m p t t o r e l a t e t h e 
d a t a u t i l i s e d w i t h i n t h i s r e s e a r c h t o ' r e a l i t y ' . I n t h e 
p r o c e s s o f t h i s e x a m i n a t i o n , i t w i l l p r o p o s e a 
m u l t i - d i s c i p l i n a r y c l a s s i f i c a t i o n w h i c h i s w i d e l y a p p l i c a b l e . 
A d d i t i o n a l l y , i t w i l l i n v e s t i g a t e some o f t h e d a t a c o n s t r a i n t s 
a p p l i c a b l e t o t h i s r e s e a r c h , t h e method o f d a t a c a p t u r e and 
t h e r e s u l t a n t d a t a c h a r a c t e r i s t i c s . 
3.2 CLASSIFICATION OF DATA SET TYPE 
The I m p o r t a n c e o f d a t a s e t t y p e i s s t r e s s e d by s e v e r a l 
w o r k e r s ( e ^ . M o r r i s o n , 1971 1974b} A y e n i , 1976 a n d L e b e r l , 
1 9 7 3 ) . G e n e r a l d i s c u s s i o n i n v o l v e s a v a r i e t y o f s a m p l i n g 
c l a s s i f i c a t i o n s and t h e r e f o r e i f r e s e a r c h based on t h e s e d a t a 
s e t t y p e s i s t o be c o m p a r e d , t h e s e c l a s s i f i c a t i o n s t h e m s e l v e s 
must be compared and c o n t r a s t e d . S e v e r a l c l a s s i f i c a t i o n 
s y s t e m s , s u m m a r i s e d i n T a b l e 3 . 1 , w i l l t h e r e f o r e be b r i e f l y 
e x a m i n e d and a m u l t i - d i s c i p 1 i n a r y c l a s s i f i c a t i o n p r o p o s e d . I n 
a s u b s e q u e n t s e c t i o n , t h e o b s e r v e d d a t a w i l l be r e l a t e d t o 
t h i s c l a s s i f i c a t i o n . 
3.2.1 Summary Of E x i s t i n g Data Set Type C l a s s i f i c a t i o n s 
a. The ' C a r t o g r a p h i c C l a s s i f i c a t i o n ' p r o p o s e d by M o r r i s o n 
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Table 3.1 Summary of data c l ass i f i ca t i on systems. 
1 1 5 
Q u e n o u i l l e ( 1 9 4 9 ) , i s based on s i x s a m p l i n g p l a n s ( a u g m e n t e d 
t o s e v e n by A y e n i , 1976) w h i c h he s u g g e s t e d c o u l d , 
" t h e o r e t i c a l l y r e p r e s e n t n e a r l y a l l t h e p o s s i b l e 
s a mple p o i n t s c a t t e r s i n a p l a n e " ( M o r r i s o n , 1 9 7 1 , 2 6 ) . 
I t i m p l i e s no use o f any p r i o r k n o w l e d g e o f s u r f a c e 
m o r p h o l o g y and u t i l i s e s a r i g i d l y d i c t a t e d random o r 
s y s t e m a t i c p r o c e s s o f s a m p l i n g . The a l i g n e d random and 
e s p e c i a l l y t h e u n a l i g n e d random may r e s u l t i n c l u s t e r s and 
a r e a s o f d i s p e r s i o n w i t h i n t h e d a t a . A l t e r n a t i v e l y , t h e 
u n a l i g n e d s y s t e m a t i c w i l l e n c o u r a g e , and t h e a l i g n e d 
s y s t e m a t i c w i l l f o r c e , an e v e n d i s t r i b u t i o n . 
I n c o n j u n c t i o n w i t h t h e p a t t e r n c l a s s i f i c a t i o n , M o r r i s o n 
p r o m o t e d t h e c o n c e p t o f N e a r e s t N e i g h b o u r A n a l y s i s (NNA) t o 
q u a n t i f y c l u s t e r i n g . NNA p r o v i d e s a s l i d i n g s c a l e o f 
a g g r e g a t i o n and d i s p e r s i o n o f d a t a ( F i g u r e 3.1) based on a 
r a t i o o f a v e r a g e d i s t a n c e b e t w e e n p o i n t s t o e x p e c t e d a v e r a g e 
d i s t a n c e . T hus, t h e r a t i o e x p r e s s e s t h e d i v e r g e n c e o f t h e 
a c t u a l p o i n t p a t t e r n f r o m r a n d o m n e s s . A minimum s c o r e o f 0 
r e p r e s e n t s t h e s i t u a t i o n w h e re a l l p o i n t s a r e s u p e r i m p o s e d ^ a 
s c o r e o f 1 r e p r e s e n t s a t r u e l y random p a t t e r n , a s c o r e o f 2, a 
s q u a r e p a t t e r n and a maximum s c o r e o f 2.149 r e s u l t s f r o m a 
r e g u l a r h e x a g o n a l ( o r e q u i l a t e r a l l y t r i a n g u l a r ) l a t t i c e . 
A c o m p u t e r p r o g r a m (NN) was w r i t t e n f o r t h e d e r i v a t i o n o f 
NNA ( s e e A l . 4 . 1 5 ) and t h e N e a r e s t N e i g h b o u r S t a t i s t i c (NNS). 
T h i s was u s e d ( s e e 3.4.5.2) t o p r o v i d e d e s c r i p t o r s f o r t h e 
d a t a s e t s u s e d . 
b. A c l a s s i f i c a t i o n o f DTM s a m p l e s i s p r o m o t e d by v a r i o u s 
w o r k e r s i n t h e ITC ( e ^ . M a k a r o v i c , 1973, 1976 and B r a k e r , 
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F i g u r e 3.1 
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(after Taylor, 1977) 
1 1 7 
1 9 7 5 ) . I n g e n e r a l , i t i s e i t h e r t e r r a i n - s p e c i f i c o r 
s y s t e m a t i c ; no a l l o w a n c e s a r e made f o r t h e p u r e l y s t o c h a s t i c 
s a m p l i n g p a t t e r n s w h i c h o c c u r i n most d i s c i p l i n e s . T h i s s y s t e m 
i s v e r y much r e l a t e d t o t h e way t h a t a p h o t o g r a m m e t r i c m o d e l 
i s o b s e r v e d , and t h e r e f o r e t h e c a t e g o r i e s a r e n o t m u t u a l l y 
e x c l u s i v e f o r any d a t a s e t . 
c. G r i s t ( 1 9 7 2 ) d i s c u s s e d a b r o a d e r , and l e s s p r e c i s e 
c l a s s i f i c a t i o n t h a n M o r r i s o n o r I T C . C o m b i n i n g some 
t e r r a i n - s p e c i f i c r e a s o n i n g w i t h some s y s t e m a t i c and random 
s a m p l i n g , h i s o r d e r e d , s e m i - o r d e r e d and random p o i n t 
c a t e g o r i e s depend on t h e e x t e n t o f p r e - d e t e r m i n a t i o n on t h e 
s a m p l i n g . G r i s t f u l f i l l e d t h e t r u e d e f i n i t i o n s o f a DGM by 
r e l a t i n g p o t e n t i a l i n t e r p o l a t i o n m ethods t o s p e c i f i c d a t a s e t 
t y p e s . 
d. Mark ( 1 9 7 5 a and 1 9 7 9 ) , i n d e f i n i n g two d i s t i n c t 
s t r a t e g i e s f o r s u r f a c e s a m p l i n g , p r o p o s e d a c l a s s i f i c a t i o n 
r e l a t i v e l y s i m i l a r t o G r i s t , b u t w i t h o u t an i n t e r p o l a t i o n / t y p e 
r e l a t i o n s h i p . The c a t e g o r i e s a r e q u i t e l o o s e and a r e r e l a t e d 
t o t h e method o f s a m p l i n g ( e i t h e r s u r f a c e - r a n d o m o r 
s u r f a c e - s p e c i f i c ) e s t a b l i s h e d a p r i o r i . 
e. S a b i n ( 1 9 8 0 ) d e f i n e d ' s e v e r a l p a t t e r n s o f s c a t t e r e d 
d a t a ' w h i c h a r e e s t a b l i s h e d i n d e p e n d e n t o f t h e d a t a 
a c q u i s i t i o n p r o c e s s . A d d i t i o n a l l y , l i k e t h a t o f M o r r i s o n , i t 
does n o t c o n s i d e r any I n t e r - r e l a t i o n s h i p s i n t h e t h i r d 
d imens i o n . 
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3.2.2 M u l t i - d i s c i p l i n a r y C l a s s i f i c a t i o n 
From t h e p r e v i o u s d i s c u s s i o n and summary T a b l e 3 . 1 , i t i s 
a p p a r e n t t h a t most s a m p l i n g c l a s s i f i c a t i o n s a r e e i t h e r d a t a 
a c q u i s i t i o n - r e l a t e d o r - i n d e p e n d e n t s ample d e s c r i p t o r s . The 
M o r r i s o n and S a b i n c l a s s i f i c a t i o n s o n l y c o n s i d e r s c a t t e r e d 
d a t a i n two d i m e n s i o n s , and a r e based on t h e d e g r e e o f 
s t a t i s t i c a l f r a n d o m n e s s o f s u c h d a t a i n t h e xy p l a n e . I n 
c o n t r a s t , t h e I T C , G r i s t and Mark c l a s s i f i c a t i o n s e m p h a s i s e 
t h e d a t a p r o p e r t i e s i n h e r e n t f r o m t h e c a p t u r e s t a g e . None o f 
t h e c l a s s i f i c a t i o n s a r e t r u l y d i s c i p l i n e - o r 
s i t u a t i o n - i n d e p e n d e n t and t h e r e f o r e a more u n i v e r s a l 
m u l t I - d i s c i p 1 i n a r y c l a s s i f i c a t i o n i s p r o p o s e d . 
The c l a s s i f i c a t i o n p r o p o s e d i s t h e m a i n c l a s s i f i c a t i o n i n 
T a b l e 3 . 1 , where i t i s compared w i t h t h e o t h e r m ethods a l r e a d y 
d i s c u s s e d . I n t h e c l a s s i f i c a t i o n s u g g e s t e d , d a t a a r e 
s u b d i v i d e d i n t o g r i d s , p o l y g o n s , l i n e s and p o i n t s . 
3.2.2.1 G r i d s 
The use o f g r i d s i n d a t a s a m p l i n g , w i t h t h e e x c l u s i o n o f 
p r o g r e s s i v e g r i d s ( s e e b e l o w ) , p r o d u c e s p e r h a p s t h e most 
o b j e c t i v e , e f f i c i e n t method o f d a t a a c q u i s i t i o n and s t o r a g e . 
I t a l l o w s f u l l e s t a u t o m a t i o n o f d a t a c o l l e c t i o n i n most 
d i s c i p l i n e s , a l t h o u g h o f t e n e n c o u r a g i n g r e d u n d a n c y . However, 
i n some d i s c i p l i n e s d a t a a c q u i s i t i o n may be h i g h l y 
i n e f f i c i e n t , e s p e c i a l l y i n g e t t i n g t o t h e s ample p o i n t s , f o r 
e x ample g e o l o g i c a l b o r e h o l e s . 
Mark has a r g u e d t h a t , 
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" r e g u l a r s q u a r e g r i d s , p r o b a b l y t h e most w i d e l y - u s e d 
d a t a s t r u c t u r e f o r DTMs do n o t c o r r e s p o n d w i t h any 
s p e c i a l i s t s ' g r o u p s a p p r o a c h , and t h u s do n o t r e p r e s e n t 
an a p p r o p r i a t e s t r u c t u r e f o r d i g i t a l t e r r a i n m o d e l l i n g " 
( M a r k , 1979, 2 7 ) . 
He s u g g e s t s t h a t g e o m o r p h o l o g i s t s w o u l d p r e f e r c o n t i n u o u s 
u n i t s , p e r h a p s p o l y g o n s bounded by b r e a k s o f s l o p e ; t h a t 
s u r v e y o r s w o u l d p r e f e r t r i a n g u l a t e d i r r e g u l a r n e t w o r k s and 
t h a t p h o t o g r a m m e t r i s t s w o u l d p r e f e r c o n t o u r s and p r o f i l e s . 
However, I t has a l r e a d y been d e m o n s t r a t e d ( C h a p t e r 2) t h a t , 
s i n c e t h e y r e p r e s e n t t h e most c o n v e n i e n t and p e r h a p s e f f i c i e n t 
method o f s t o r a g e and p r o c e s s i n g g i v e n e x i s t i n g h i g h l e v e l 
l a n g u a g e s and a r r a y s t o r a g e , t h e y f o r m t h e b a s i s o f most 
d i g i t a l m a p p i n g t e c h n i q u e s . 
A s s u m i n g t h a t a g r i d mesh i s any r e g u l a r p o l y g o n a l shape 
( t r i a n g l e , s q u a r e , e t c . ) , f o u r commonly u s e d g r i d s may be 
d e f i n e d ( F i g u r e 3 . 2 a ) . 
a. A r e g u l a r g r i d i s homogeneous and i s p r e - d e t e r m i n e d . 
I t s s u c c e s s r e s t s w i t h i t s f l e x i b i l i t y and e f f i c i e n t 
s t o r a g e c a p a c i t y , s i n c e t h e x and y c o - o r d i n a t e s o f nodes 
a r e i m p l i c i t i n I t s d e f i n i t i o n . However t h e p r i n c i p a l 
d i s a d v a n t a g e i s i t s t e n d e n c y t o w a r d s r e d u n d a n c y . The g r i d 
must be s u f f i c i e n t l y dense t h r o u g h o u t t o p o r t r a y t h e 
s m a l l e s t o b j e c t s w i t h i n t h e a r e a o f i n t e r e s t . T o b l e r 
s u g g e s t s t h a t 
" i f a f u n c t i o n has no s p e c t r a l c o m p o n e n t s o f f r e q u e n c y 
h i g h e r t h a n W, t h e n t h e v a l u e o f t h e f u n c t i o n i s 
c o m p l e t e l y d e t e r m i n e d by a k n o w l e d g e o f i t s v a l u e s a t 
p o i n t s s p a c e d 0.5W a p a r t " ( T o b l e r , 1969, 2 4 3 ) . 
Hence, i f t h e w a v e l e n g t h o f s m a l l e s t f e a t u r e i s 10m, 
t h e n t h e g r i d r e s o l u t i o n e v e r y w h e r e must be 5m, and 





a) Regular grid (of differing mesh shapes) 
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b) Irregular grid c) Progressive grid 
d) Approximate grid 
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d a t a a r e a where t h e w a v e l e n g t h o f f e a t u r e s i s much l a r g e r . 
The t e n d e n c y has t h e r e f o r e b e e n , where p o s s i b l e , t o use 
e i t h e r an i r r e g u l a r o r p r o g r e s s i v e g r i d , b o t h o f w h i c h 
r e q u i r e some a p r i o r i k n o w l e d g e o f t h e s u r f a c e b e i n g 
s a m p l e d . 
b. I r r e g u l a r g r i d s a m p l i n g may remove much o f t h e 
r e d u n d a n c y o f t h e r e g u l a r g r i d , b u t c e r t a i n l y n o t a l l . I t 
may be g e n e r a t e d by v a r y i n g t h e r e s o l u t i o n I n each o f t h e 
axes ( F i g u r e 3.2b) t o d e f i n e l o w w a v e l e n g t h f e a t u r e s . 
However, p e r g r i d node, i t I s n o t q u i t e as e f f i c i e n t as a 
r e g u l a r g r i d f o r d a t a s t o r a g e a s , i n a d d i t i o n t o t h e g r i d 
v a l u e s , v e c t o r s c o n t a i n i n g t h e a b s c i s s a e and o r d i n a t e s must 
be s t o r e d . 
c. P r o g r e s s i v e g r i d s a m p l i n g removes t h i s e x t r a g r i d 
r e d u n d a n c y t o t a l l y a s , i n s t e a d o f a l l v a l u e s on t h e 
a b s c i s s a / o r d i n a t e b e i n g o b s e r v e d , o n l y t h e a r e a s o f 
i n t e r e s t a r e s a m p l e d . However, i t does i n v o l v e a l e s s 
s i m p l e d a t a s t o r a g e method as some f o r m o f h i e r a r c h i c a l 
s t o r a g e i s r e q u i r e d f o r t h e d i f f e r e n t l e v e l s o f g r i d 
r e s o l u t i o n . The b a s i s o f p r o g r e s s i v e g r i d s a m p l i n g i s t o 
s t a r t w i t h t h e l o w e s t r e s o l u t i o n o f g r i d n e c e s s a r y t o g i v e 
a good g e n e r a l d a t a c o v e r a g e . T h i s b a s i c g r i d i s t h e n 
i t e r a t i v e l y ' d e n s i f i e d ' by h a l v i n g t h e g r i d r e s o l u t i o n i n 
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t h e a r e a s where i t i s l a r g e r t h a n h a l f t h e t e r r a i n 
w a v e l e n g t h ( F i g u r e 3 . 2 c ) . 
d. An a p p r o x i m a t e g r i d o c c u r s where t h e s a m p l i n g 
p r o c e d u r e does n o t a l l o w a p r e c i s e , a p r i o r i ^ l o c a t i o n o f 
t h e g r i d n o d e s , a l t h o u g h t h e r e s u l t a n t g r i d i s a l m o s t 
r e g u l a r ( F i g u r e 3 . 2 d ) . 
3.2.2.2 P o l y g o n s 
A p o l y g o n l a t t i c e i s a v e r y a p p r o x i m a t e f o r m o f g r i d w h i c h , 
f o r some a p p r o p r i a t e p u r p o s e , has an i r r e g u l a r l y shaped 
s t r u c t u r e c o n t a i n i n g v a r i a b l y s i z e d a r e a s d e f i n e d as s e p a r a t e 
e n t i t i e s d u r i n g s a m p l i n g . I n c l u d e d i n t h i s c a t e g o r y a r e 
c o n t o u r s ( i n so f a r as i n t e r - c o n t o u r r e g i o n s a r e p o l y g o n s ) , 
m o r p h o l o g i c a l p o l y g o n s and random p o l y g o n s . L i k e a l l o t h e r 
d a t a s a m p l i n g t e c h n i q u e s , t h e y s u f f e r i n c o m p a r i s o n w i t h g r i d s 
i n t h a t a t l e a s t t h r e e v a l u e s a r e r e q u i r e d t o be s t o r e d t o 
d e f i n e e ach p o i n t . However, t h i s may be c o m p a c t e d t o a l i m i t e d 
e x t e n t b y , f o r e x a m p l e , some f o r m o f node and segment s t o r a g e 
s y s t e m . 
a. C o n t o u r s , w h i c h can e i t h e r be an a p r i o r i f o r m o f 
s a m p l i n g o r a p o s t hoc d a t a c o m p a c t i o n o r d i s p l a y 
m echanism, may be o n l y d i r e c t l y s a m p l e d i n a f e w s u r f a c e s 
(e£. p h o t o g r a m m e t r y o r by a l g e b r a i c d e f i n i t i o n ) . T h i s has 
g e n e r a l l y l i m i t e d t h e i r use a l t h o u g h , w i t h o u t some method 
o f d a t a c o m p a c t i o n , c o n t o u r s have a s t o r a g e c a p a c i t y 
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e q u i v a l e n t t o a p o i n t s a m p l e . T h e y may be s a m p l e d i n t e r m s 
o f h a v i n g A x , A y , A x and&y 3 or&t c o n s t a n t ( x a n d y a r e t h e 
c a r t e s i a n a x e s and A t i s t h e t i m e i n t e r v a l b e t w e e n 
d i g i t i s i n g e a c h p o i n t ) , a l t h o u g h t h e m_ethod o f s a m p l i n g i s 
l a r g e l y d e p e n d e n t on t h e method o f d i g i t i s i n g , w h e t h e r by 
a u t o m a t i c l i n e f o l l o w i n g , m a n u a l l i n e f o l l o w i n g , 
p h o t o g r a m m e t r i c d i g i t i s i n g o r r a s t e r s c a n n i n g . 
b. M o r p h o l o g i c a l p o l y g o n s e x i s t w h e r e t h e u n i t s a r e 
b o u n d e d by some p h y s i c a l phenomena ( e ^ . t h e c r e s t s and 
b r e a k s o f s l o p e d e f i n i n g e m b a n k m e n t s o r r i v e r v a l l e y s ) a n d 
t h u s r e p r e s e n t a s u r f a c e - s p e c i f i c m e t h o d o f s a m p l i n g . The 
p o l y g o n b o u n d a r y m u s t be o f m o r p h o l o g i c a l s i g n i f i c a n c e 
w i t h i n t h e s u r f a c e , t h u s d e f i n i n g some h o m o g e n e o u s u n i t . 
c - S u r f a c e - r a n d o m p o l y g o n s a l t e r n a t i v e l y d e f i n e 
h e t e r o g e n e o u s u n i t s . T h e y a r e a s u r f a c e - r a n d o m c a t e g o r y 
w h i c h a r e f o r m e d f r o m s t o c h a s t i c l i n e s on t h e s u r f a c e and 
may, f o r e x a m p l e , d e f i n e p r o p e r t y p a r c e l s o r a d m i n i s t r a t i v e 
a r e a s . 
3 . 2 . 2.3 L i n e s 
L i n e s may be b a s e d on some a p r i o r i m o r p h o l o g i c a l k n o w l e d g e 
o f t h e s u r f a c e , on some s i g n i f i c a n t y e t r a n d o m s u r f a c e 
f e a t u r e , may f o l l o w a t o t a l l y random p r o c e s s , a d h e r e t o some a 
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p r i o r i s y s t e m a t i c p r o c e s s . 
a . M o r p h o l o g i c a l l i n e s i n c l u d e b r e a k s o f s l o p e , r i v e r s , 
e t c . w i t h t h e p r o v i s o t h a t t h e a r e a s b e t w e e n m o r p h o l o g i c a l 
l i n e s s h o u l d be h o m o g e n e o u s . B r e a k s o f s l o p e a r e s i m p l e r t o 
d e f i n e t h a n t o g e n e r a t e a s t h e p r a c t i c a l d e f i n i t i o n i s 
s ub j e c t i v e . 
b. F e a t u r e l i n e s f o l l o w some o t h e r a r t i f i c i a l b u t 
s i g n i f i c a n t l i n e on t h e s u r f a c e . T h i s may be a r o a d , f e n c e , 
e t c . S t r a i n ( 1 9 7 2 ) u s e d t h e t e r m " s p e c i a l p r o f i l e s " t o 
d e f i n e s u c h f e a t u r e s . 
c . Random t o p o g r a p h i c l i n e s f o r m a n y o t h e r t y p e o f 
p r o f i l e w i t h random d i r e c t i o n a n d v a r i a b i l i t y . T h e s e may be 
i n c o n s i s t e n t i n o r i e n t a t i o n o r d i r e c t i o n , a n d a r e n e i t h e r 
p r e - d e t e r m i n e d n o r m o r p h o l o g i c a l l y s i g n i f i c a n t . 
d. S y s t e m a t i c l i n e s a r e s a m p l e d a p r i o r i a l t h o u g h t h e y 
a r e s u r f a c e - r a n d o m . I n g e n e r a l t h e y a r e s t r a i g h t a n d 
p r o b a b l y p a r a l l e l . I t was t h i s t y p e o f d a t a s a m p l i n g w h i c h 
f o r m e d t h e b a s i s o f t h e o r i g i n a l DTM w o r k by M i l l e r a nd 
L a f l a m e ( 1 9 5 8 ) . 
I n summary, l i n e s may be s a m p l e d i n mo s t modes o r 
c o m b i n a t i o n s o f modes ( i . e . Ax ? Ay, A x y , Axz , Ayz , J^xyz o r A t 
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w h e r e x , y , z a r e t h e c a r t e s i a n d i r e c t i o n s , a nd t i s t i m e ) . 
A d d i t i o n a l l y , m o r p h o l o g i c a l l i n e s may be s a m p l e d a t some 
c h a n g e o f s l o p e . Howard ( 1 9 6 8 ) r e c o m m e n d e d t h a t a r e s o l u t i o n 
o f 0.1mm a t map s c a l e a l o n g s u c h l i n e s i s s u f f i c i e n t f o r 
c a r t o g r a p h i c r e p r o d u c t i o n , a l t h o u g h 0.25-0.3mm i s p r o b a b l y 
s u f f i c i e n t w h e r e c u r v e f i t t i n g i s u s e d -
3.2.2.4 P o i n t s 
S a m p l e d p o i n t s g e n e r a l l y h a v e l i t t l e i n t e r - r e l a t i o n s h i p 
a l t h o u g h t h e r e may be some o v e r a l l f a c t o r c o n t r o l l i n g t h e i r 
s e l e c t i o n . S e l e c t i o n may be b a s e d on m o r p h o l o g i c a l 
c o n s i d e r a t i o n s , on some s y s t e m a t i c s a m p l i n g p l a n , o r be 
t o t a l l y r a n d o m . T h u s , t h e p r o d u c t w i l l v a r y i n d i s t r i b u t i o n ^ 
w i t h p e r h a p s d a t a c l u s t e r s o r v o i d s , w h i c h may be d e s c r i b e d by 
t h e NNS. 
a . M o r p h o l o g i c a l p o i n t s , f o l l o w i n g Mark ( 1 9 7 5 a ) , a r e 
s e l e c t e d i n m o r p h o l o g i c a l l y s i g n i f i c a n t l o c a t i o n s , i . e . 
p e a k s , p i t s , s a d d l e s a n d v a l l e y s . 
b. S y s t e m a t i c p o i n t s may be a p p r o x i m a t e l y s e l e c t e d by 
some p r e - d e t e r m i n e d s c h e m e , h o w e v e r t h e e x a c t l o c a t i o n i s 
d e t e r m i n e d a t t h e moment o f s a m p l i n g . T h i s s h o u l d r e s u l t i n 
a n e v e n d i s t r i b u t i o n i n x a n d y w h i c h w i l l p r o b a b l y p r o d u c e 
a z d i s t r i b u t i o n c o m p a r a b l e t o t h e o r i g i n a l s u r f a c e 
d i s t r i b u t i o n . 
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c • Random p o i n t s a r e l o c a t e d p u r e l y a r b i t r a r i l y a t t h e 
t i m e o f s a m p l i n g a n d s h o u l d h a v e no p r e - d e t e r m i n e d 
c o r r e l a t i o n w i t h a n y c h a r a c t e r i s t i c o f t h e s u r f a c e . 
3.3 DETERMINATION OF DATA SAMPLING C R I T E R I A 
I t h a s b e e n a r g u e d e a r l i e r t h a t t h e r e a r e f o u r c r i t e r i a t o 
be d e f i n e d w i t h i n a n y d a t a s a m p l e r D e f i n i t i o n o f t h e d a t a 
s u r f a c e a nd t h e s a m p l i n g t e c h n i q u e r e l a t e t o t h e s o u r c e o f t h e 
d a t a and w h i c h m e t h o d o f o b s e r v a t i o n was u s e d t o p r o c u r e t h e 
s a m p l e . The s i z e o f t h e s a m p l e and t h e method o f s a m p l i n g m u s t 
a l s o be d e f i n e d , e i t h e r b e f o r e o r a s t h e s a m p l e i s c o l l e c t e d . 
3.3.1 D a t a S u r f a c e And S a m p l i n g T e c h n i q u e 
P r e v i o u s i s a r i t h m i c a n d i n t e r p o l a t i o n e v a l u a t i o n s h a v e b e e n 
b a s e d on two a p p r o a c h e s . I n t h e m a j o r i t y o f s t u d i e s , no 
' c o r r e c t ' o r r e f e r e n c e s e t o f v a l u e s h a s b e e n o b s e r v e d a n d 
t h e r e f o r e e i t h e r t h e r e s u l t s o n l y show t h e r a n g e i n 
p e r f o r m a n c e s t h a t a r e a t t a i n a b l e (e„g. R h i n d , 1971 a n d W a l t e r s , 
1 9 6 9 ) o r a r e f e r e n c e i s c o m p u t e d u s i n g one o f t h e p a c k a g e s . 
a n d m e a s u r e s o f d e v i a t i o n f r o m a n i n t e r p o l a t i o n r e f e r e n c e a r e 
p r o d u c e d (e.g. W a l d e n , 1972 and B r a i l e ? 1 9 7 8 ) . A l t e r n a t i v e l y , a 
r e f e r e n c e may be o b s e r v e d u s u a l l y a t t h e d a t a c o l l e c t i o n 
s t a g e , a l t h o u g h t h i s r e q u i r e s t h a t a t o t a l l y m e a s u r a b l e 
s u r f a c e be u s e d . T h i s h a s p r o v e d r e s t r i c t i v e s i n c e o n l y a f e w 
s u r f a c e s a r e f e a s i b l e - p r i m a r i l y m a t h e m a t i c a l a n d 
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p h o t o g r a m m e t r i c s u r f a c e s . The f o r m e r h a v e b e e n u s e d } f o r 
e x a m p l e , by W a l d e n ( 1 9 7 2 ) a n d M o r r i s o n ( 1 9 7 0 , 1 9 7 1 , 1 9 7 4 b ) , 
w h i l e t h e l a t t e r h a v e h a d l i m i t e d u s e , r e s t r i c t e d t o 
t o p o g r a p h i c s u r f a c e s , f o r e x a m p l e , by A c k e r m a n ( 1 9 7 8 ) a n d 
A s s m u s ( 1 9 7 4 , 1 9 7 6 ) . 
I n c o n s i d e r i n g t h e l i m i t a t i o n s o f t h e s e p r e v i o u s s t u d i e s , 
v a r i o u s c o n c l u s i o n s w e r e d r a w n w i t h r e g a r d t o t h e n a t u r e of 
t h e d a t a s u r f a c e a n d s a m p l i n g t e c h n i q u e r e q u i r e d : 
a . Use o f a c o m p u t e d r e f e r e n c e s u r f a c e was c o n s i d e r e d 
u n d e s i r a b l e . W h i l e i t may a l l o w t h e e s t a b l i s h m e n t o f 
m e a s u r e s o f r e l a t i v e e r r o r b e t w e e n m e t h o d s , i t was h o p e d t o 
be a b l e t o d e r i v e e s t i m a t e s o f a b s o l u t e t o p o g r a p h i c e r r o r 
f o r s p e c i f i c i n t e r p o l a t i o n m e t h o d s a n d p o i n t s a m p l e s . I n 
a d d i t i o n , i t was h o p e d t o r e l a t e i n t e r p o l a t i o n e r r o r t o 
p o i n t d i s t r i b u t i o n . C l e a r l y a r e f e r e n c e s u r f a c e d e r i v e d 
f r o m one t y p e o f p o i n t d i s t r i b u t i o n w o u l d b i a s s u b s e q u e n t 
r e s u l t s a n d r e m o v e t h e p o s s i b i l i t y o f e s t a b l i s h i n g a n 
u n b i a s s e d m e a s u r e o f a b s o l u t e e r r o r . I t was t h e r e f o r e 
c o n s i d e r e d n e c e s s a r y t o u t i l i s e a s u r f a c e w h i c h w a s t o t a l l y 
m e a s u r a b l e a n d a s a m p l i n g t e c h n i q u e w h i c h w o u l d a l l o w 
m e a s u r e m e n t o f a n y p o i n t on t h a t s u r f a c e - T h i s w o u l d e n s u r e 
t h a t a l l d a t a a n d a n y n e c e s s a r y r e f e r e n c e s ( g r i d s a n d 
i s a r i t h m s ) c o u l d be e a s i l y o b s e r v e d . 
b. M e a s u r e m e n t s w o u l d h a v e t o be o f h i g h a c c u r a c y . W h i l e 
some d i s c i p l i n e s a n d i n t e r p o l a t i o n m e t h o d s f r e q u e n t l y 
u t i l i s e r e l a t i v e l y l o w a c c u r a c y d a t a ( e g . g e o p h y s i c a l 
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m a p p i n g ) , h i g h a c c u r a c y d a t a w o u l d be s o u g h t s i n c e t h e y 
w o u l d p r o d u c e h i g h a c c u r a c y s t a t i s t i c s a n d c o u l d be o f 
r e l e v a n c e t o a l l d i s c i p l i n e s . 
c . The s a m p l i n g t e c h n i q u e s h o u l d be c a p a b l e o f m e a s u r i n g 
a r a n g e o f s u r f a c e s . T h e r e I s no p o i n t i n c o n s i d e r i n g o n l y 
one s u r f a c e , a s e r r o r m i g h t be r e l a t e d t o q u i r k s o f t h e 
d a t a . S e v e r a l s u r f a c e s w o u l d t h e r e f o r e be o b s e r v e d . 
d. A s s o c i a t e d w i t h c , a r a n g e o f s u r f a c e t y p e s w e r e 
r e q u i r e d s i n c e i t was h o p e d t o r e l a t e e r r o r o f t h e 
i n t e r p o l a t i o n p r o c e s s t o s u r f a c e c h a r a c t e r i s t i c s . I n o r d e r 
t o make t h e r e s u l t s r e l e v a n t t o many d i s c i p l i n e s , i t was 
u n s a t i s f a c t o r y t o h a v e a l l s u r f a c e s a s s m o o t h a s t h o s e i n 
F i g u r e 2 . 3 J a s h a s a l r e a d y b e e n s u g g e s t e d ( 2 . 2 ) a w i d e 
r a n g e o f s u r f a c e r o u g h n e s s e s a r e p r e s e n t i n d a t a u s e d i n 
d i g i t a l m o d e l l i n g . 
e- F i n a l l y , i t h a s b e e n d e m o n s t r a t e d t h a t a w i d e v a r i e t y 
o f d a t a s a m p l e s a n d s a m p l i n g m e t h o d s a r e a l r e a d y u s e d i n 
d i g i t a l m o d e l l i n g ( s e e 2.2 a n d 3 . 2 ) . I n o r d e r t h a t t h e 
r e s e a r c h w o u l d r e f l e c t t h i s v a r i e t y , t h e s a m p l i n g 
t e c h n i q u e / s u r f a c e w o u l d h a v e t o a l l o w s u r f a c e 
s p e c ! f i c / r a n d o m s a m p l i n g a n d t h e p r o c u r e m e n t o f g r i d s , 
l i n e s , p o l y g o n s ( c o n t o u r s ) and p o i n t s . 
I t i s p o s s i b l e t h a t some s u r f a c e t y p e s a n d m e a s u r e m e n t 
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s y s t e m s c o u l d h a v e p r o v i d e d t h e d a t a u s e d w i t h i n t h i s 
r e s e a r c h . However, a s a r e s u l t o f t h e l i t e r a t u r e s e a r c h and o f 
e x p e r i e n c e , i t was c o n c l u d e d t h a t o n l y m a t h e r a a t i c a 1 l y - d e f i n e d 
o r t o p o g r a p h i c s u r f a c e s c e r t a i n l y met a l l t h e d e s i d e r a t a . I t 
was f u r t h e r d e c i d e d t o u t i l i s e o n l y t o p o g r a p h i c s u r f a c e s a nd 
t o s a m p l e t h e s u r f a c e s u s i n g p h o t o g r a m m e t r y . T h i s d e c i s i o n was 
b a s e d on t h e f o l l o w i n g : 
a . T h i s s t u d y h a s c o n c e n t r a t e d p r i m a r i l y upon t h e 
a p p l i c a t i o n s w i t h i n DTMs. I t i s t h e r e f o r e a p p r o p r i a t e t o 
u s e a s s o c i a t e d s u r f a c e s , i . e . t o p o g r a p h i c s u r f a c e s . 
b. The a u t h o r ' s e x p e r i e n c e l i e s i n m a p p i n g t h e 
t o p o g r a p h i c s u r f a c e and t h e r e f o r e p r o b l e m s a n d l i m i t a t i o n s 
o f t h e m e a s u r e m e n t and i n t e r p o l a t i o n p r o c e s s w o u l d be 
b e t t e r u n d e r s t o o d . 
c . E v e r y o n e i s f a m i l a r w i t h t h e t o p o g r a p h i c l a n d s c a p e 
and t h e r e f o r e s h o u l d be a b l e t o a p p r e c i a t e r e a d i l y a n y 
i n t e r p o l a t i o n r e s u l t s . 
d. Many m a t h e m a t i c a l s u r f a c e s , w h i l e p r o d u c e d f r o m 
a p p a r e n t l y c o m p l e x f o r m u l a e , a r e i n h e r e n t l y h i g h l y 
a u t o c o r r e l a t e d . M o r r i s o n h a s b e e n t h e m a i n a d v o c a t e o f 
m a t h e m a t i c a l s u r f a c e s , and y e t h i s most c o m p l e x s u r f a c e s 
a r e c e r t a i n l y h i g h l y a u t o c o r r e l a t e d ( F i g u r e 2 . 3 ) . I n d e e d 
W a l d e n , who a l s o u s e d m a t h e m a t i c a l s u r f a c e s i n h e r s t u d y , 
DATA 
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c o m m e n t i n g on M o r r i s o n ' s c h o i c e , s t a t e s , 
" S e l e c t i o n o f t h e s e s m ooth t e s t s u r f a c e s r e s t r i c t s 
M o r r i s o n ' s c o n c l u s i o n s t o t h e a b i l i t y o f h i s 
i n t e r p o l a t i o n m o d e l s t o r e p r o d u c e m a t h e m a t i c a l l y d e f i n e d 
f u n c t i o n s , w h i c h a r e n o t r e p r e s e n t a t i v e o f t o p o g r a p h i c o r 
o t h e r n a t u r a l l y o c c u r r i n g s u r f a c e s " ( W a l d e n , 1 9 7 2 , 5 2 ) . 
I n c o n t r a s t , most u s e r s o f i s a r i t h m i c and i n t e r p o l a t i o n 
p a c k a g e s a r e i n t e r e s t e d i n m o d e l l i n g n a t u r a l s u r f a c e s ^ 
w h i c h o f t e n c o n t a i n s h a r p d i s c o n t i n u i t i e s a s w e l l a s a r e a s 
o f h i g h and low a u t o c o r r e l a t i o n . 
e . Use o f m a t h e m a t i c a l s u r f a c e s i n v o l v e s p r o b l e m s o f 
d e t e r m i n i n g s u r f a c e - r e l a t e d s a m p l e s . O n l y s t a t i s t i c a l l y 
r andom p o i n t s , g e n e r a t e d by some random number g e n e r a t o r 
o r g r i d s , h a v e b e e n u t i l i s e d i n t h e known s t u d i e s . I n 
c o n t r a s t , when u s i n g a p h o t o g r a m m e t r i c a 1 1 y - d e r i v e d s u r f a c e , 
a v i s u a l m o d e l i s b e i n g m e a s u r e d . The o b s e r v e r c a n r e l a t e 
t o t h i s m o del more e a s i l y and t h u s o b s e r v e s u r f a c e - s p e c i f i c 
p o i n t s i n a d d i t i o n t o random o r g r i d p o i n t s . S i m i l a r p o i n t s 
c o u l d be g e n e r a t e d f r o m a m a t h e m a t i c a l s u r f a c e b u t w o u l d 
r e q u i r e m u l t i p l e p a i n s - t a k i n g s o l u t i o n s o f e q u a t i o n s , o r by 
v i s u a l i n s p e c t i o n o f and i n t e r p r e t a t i o n f r o m c o n t o u r e d maps 
o r b l o c k d i a g r a m s . 
f . The p h o t o g r a m m e t r i c s y s t e m s i m p l i f i e s t h e s e l e c t i o n 
o f p u r e l y o b j e c t i v e s a m p l i n g - g r i d s and i s a r i t h m s - s i n c e 
m ost p l o t t e r s g e n e r a l l y h a v e c l a m p i n g a n d s l o w - m o t i o n i n 
a l l t h r e e a x e s . 
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g- P h o t o g r a m m e t r y c a n g i v e v e r y p r e c i s e m e a s u r e m e n t s i n 
a r e a s o n a b l y s h o r t t i m e t h u s h a v i n g b e n e f i t s o v e r , f o r 
e x a m p l e , g r o u n d s u r v e y . 
h. The p h o t o g r a p h u s e d i n t h e p h o t o g r a m m e t r i c p l o t t e r 
r e c o r d s an i n s t a n t i n t i m e - A u n i q u e s o l u t i o n i s u s e d i n 
o r i e n t a t i o n b e f o r e o b s e r v a t i o n , w h i c h a l l o w s t h e m odel t o 
be r e - e s t a b l i s h e d and t h e u n i q u e s u r f a c e r e - m e a s u r e d i f 
r e q u i r e d . 
P h o t o g r a m m e t r i c a l l y - d e r i v e d t o p o g r a p h i c s u r f a c e s t h u s 
r e p r e s e n t a s a t i s f a c t o r y s o l u t i o n t o a l l t h e p r o b l e m s 
d i s c u s s e d e a r l i e r , and t h e r e f o r e must be c o n s i d e r e d a t l e a s t 
a s good a s any a l t e r n a t i v e . P e r h a p s t h e o n l y p o s s i b l e 
d i s a d v a n t a g e i s t h e p o s s i b i l i t y o f e r r o r due t o p o o r model 
c o n t r o l a l t h o u g h , s i n c e r e l a t i v e and n o t a b s o l u t e c o - o r d i n a t e s 
w e r e r e q u i r e d , t h e n ( p r o v i d i n g t h e r e l a t i v e o r i e n t a t i o n was 
g o o d ) s u i t a b l e a c c u r a c y w o u l d be o b t a i n e d . P h o t o g r a m m e t r y was 
t h u s c h o s e n a s t h e method o f d a t a a c q u i s i t i o n . 
T h r e e t o p o g r a p h i c s u r f a c e s ( m o d e l s ) o f c o n t r a s t i n g 
c o m p l e x i t y w e r e s e l e c t e d f o r t h e r e s e a r c h and s e v e r a l d a t a 
s e t s w e r e d e r i v e d f o r e a c h . D e s c r i p t i v e s t a t i s t i c s f o r e a c h 
s u r f a c e / m o d e l a r e s u m m a r i s e d i n T a b l e 3.2 and b l o c k d i a g r a m s 
o f e a c h s u r f a c e a r e shown i n F i g u r e 3.3. E a c h d a t a s e t i s 
d i s p l a y e d i n F i g u r e 3.4 w i t h t h e r e l e v a n t 
p h o t o g r a m m e t r i c a l l y - d e r i v e d c o n t o u r s f o r t h e p a r t i c u l a r m o d e l . 
The 'INCH' d a t a s e t s w e r e d e r i v e d f r o m a 1500m s q u a r e a r e a 
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Table 3.2 Summary of data sets. 
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Figure 3.3a Block diagrams of INCH 
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Figure 3.3b Block diagram of FORV 
Figure 3.3b Block diagram of LI AN 
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w h i c h r e p r e s e n t s r o u g h m a c r o - r e 1 i e f , c o n t a i n s a d i s s e c t e d 
e s c a r p m e n t - c o n s i s t i n g o f a s e c t i o n o f s t e e p s c a r p s l o p e , t w o 
s h a r p l y i n c i s e d v a l l e y s a n d a n u n d u l a t i n g d i p - s l o p e . 
T h e 'FORV d a t a s e t s w e r e s e l e c t e d f r o m a n a r e a o f 
s a n d - d u n e s i n t h e S a n d s o f F o r v i e o n t h e Y t h a n e s t u a r y n e a r 
A b e r d e e n - The m o d e l a r e a ( F i g u r e 3 . 3 b ) i s 640m s q u a r e a n d 
c o n t a i n s t w o m a j o r f e a t u r e s , a l a r g e t r a n s v e r s e d u n e a n d a 
l a r g e b l o w - o u t , i n a d d i t i o n t o s e v e r a l s m a l l d u n e s a n d 
b l o w - o u t s . T h e a r e a was c o n s i d e r e d t o r e p r e s e n t r o u g h 
m i c r o - r e l i e f . 
The " L I A N ' d a t a s e t s w e r e o b s e r v e d f r o m a 7 5 0 x 9 0 0 m a r e a 
b e l o w t h e p r e v i o u s e s c a r p m e n t n e a r I n c h n a d a m p h . The a r e a 
( F i g u r e 3 . 3 c ) i n c l u d e s a s e c t i o n o f t h e R i v e r L o a n a n v a l l e y 
a n d t h e g e n t l e , s m o o t h l y s l o p i n g L e a t h a d L i a n a c h , a n d may 
r e a s o n a b l y be c o n s i d e r e d a s m o o t h s u r f a c e . 
The c h a r a c t e r i s t i c s o f a l l t h r e e m o d e l a r e a s w i l l be 
s t u d i e d i n m o r e d e t a i l i n C h a p t e r 4. 
3.3-2 S a m p l i n g P a t t e r n 
F i v e d i f f e r e n t s a m p l i n g p a t t e r n s w e r e s e l e c t e d t o be 
r e p r e s e n t a t i v e g e n e r a l l y o f t h e s a m p l i n g c l a s s i f i c a t i o n 
d e s c r i b e d e a r l i e r , a n d t h e r e f o r e be r e p r e s e n t a t i v e o f 
m u l t i - d i s c i p l i n a r y d a t a . I n a d d i t i o n , t h e y w e r e s e l e c t e d 
b e c a u s e t h e y r e p r e s e n t e d f e a t u r e s t h a t m i g h t be e a s i l y 
d i g i t i s e d f r o m a s t a n d a r d t o p o g r a p h i c map s h e e t - The f i v e 
s a m p l i n g p a t t e r n s c h o s e n w e r e a s f o l l o w s -
a. C o n t o u r s . T h e s e w e r e r e q u i r e d as a r e f e r e n c e t o 
DATA 
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e n a b l e a t h o r o u g h e x a m i n a t i o n o f t h e c o n t o u r i n g p a c k a g e s . 
H o w e v e r , i t was d e c i d e d t o d e r i v e a s u b s e t o f t h e c o n t o u r 
p o i n t s t o t e s t s u r f a c e r e c o n s t r u c t i o n f r o m t h i s p o l y g o n 
f orra o f d a t a . 
b . R e g u l a r G r i d . T h i s was s i m i l a r l y r e q u i r e d t o e x a m i n e 
t h e a c c u r a c y o f r a n d o m - t o - g r i d i n t e r p o l a t i o n . I n o r d e r t o 
s t u d y t h e e f f e c t o f g r i d r e s o l u t i o n o n g r i d - t o - i s a r i t h m 
i n t e r p o l a t i o n , i t was d e c i d e d t o o b s e r v e a f a i r l y l a r g e 
g r i d w h i c h c o u l d be s u b s e q u e n t l y h a l v e d a n d q u a r t e r e d a n d 
s t i l l p r o d u c e a r e a s o n a b l y s i z e d l o w r e s o l u t i o n g r i d . A 
g r i d s i z e o f 1 2 x 1 2 was c o n s i d e r e d e s s e n t i a l f o r t h e l o w e s t 
r e s o l u t i o n a n d t h e r e f o r e t h e f u l l g r i d s i z e w o u l d h a v e t o 
be a t l e a s t 4 8 x 4 8 . The f u l l g r i d w o u l d a l s o be r e - s a m p l e d 
t o p r o v i d e a g r i d d a t a s e t t o s t u d y t h e e f f e c t o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n o n t h i s r e g u l a r g r i d f o r m o f 
d a t a . 
c. B r e a k l l n e s . T h e s e w e r e o b s e r v e d as a f o r m o f l i n e a r 
m o r p h o l o g i c a l d a t a t o t e s t r a n d o m - t o - g r i d i n t e r p o l a t i o n . 
B r e a k l i n e s a r e a common f e a t u r e o f m o s t n a t u r a l s u r f a c e s , 
a n d t h e r e f o r e w o u l d be u s e d i n m o s t d i s c i p l i n e s . B r e a k l i n e s 
w e r e s e l e c t e d s u c h t h a t t h e y d i d n o t i n c l u d e a n y r i v e r 
p o i n t s . 
d . R i v e r s . T h e s e l i n e a t e d f e a t u r e s w e r e a l s o o b s e r v e d 
DATA 
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s i n c e , w h i l s t r e p r e s e n t i n g a s i m i l a r t y p e o f f e a t u r e t o 
b r e a k l i n e s , t h e y o c c u r o n s t a n d a r d t o p o g r a p h i c maps a n d a r e 
a c t u a l f e a t u r e s o n t h e g r o u n d w h i c h c a n be o b s e r v e d m o r e 
o b j e c t i v e l y . S i n c e no r i v e r s e x i s t e d i n t h e FORV m o d e l , 
t h i s d a t a s e t i s o n l y a p p l i c a b l e t o L I A N a n d I N C H . 
e- S c a t t e r . A s c a t t e r o f p o i n t s , r e p r e s e n t i n g t r u l y 
r a n d o m p o i n t d a t a , was a l s o o b s e r v e d , s i n c e t h i s i s t y p i c a l 
o f many d a t a s e t s t h a t a r e i n p u t t o c o n t o u r i n g r o u t i n e s . 
W h i l e t h i s w o u l d n o t be g e n e r a t e d b y a n y s t a t i s t i c a l l y 
r a n d o m p r o c e s s , i t was h o p e d t h a t b y r a n d o m m o v e m e n t o f t h e 
p l o t t i n g m a c h i n e c o n t r o l s , a s u i t a b l e s a m p l e c o u l d be 
g e n e r a t e d . 
3.3.3 S a m p l e S i z e 
I n p r e v i o u s s t u d i e s o f r a n d o m - t o - g r i d i n t e r p o l a t i o n , s a m p l e 
s i z e s r a n g i n g f r o m 25 p o i n t s t o 4 0 0 p o i n t s h a v e b e e n s e l e c t e d . 
W a l d e n s t a t e s t h a t , 
" I n g e n e r a l i n c r e a s e s i n s a m p l e s i z e ( 1 0 0 , 2 5 0 , 4 0 0 
p o i n t s ) a r e d i r e c t l y r e l a t e d t o I n c r e a s e s i n t h e 
r e l i a b i l i t y o f t h e e n t i r e map" ( W a l d e n , 1 9 7 2 , 9 3 ) . 
I n c o n t r a s t , M o r r i s o n s u g g e s t e d t h a t , 
" t w e n t y - f i v e p o i n t s a r e a p p a r e n t l y t o o f e w f o r u s e I n 
t h e i s a r i t h m i c m a p p i n g t e c h n i q u e , a n d f o r c o m p l e x 
d i s t r i b u t i o n s , o n e s h o u l d p r o b a b l y h a v e a m i n i m u m o f m o r e 
t h a n 49 k n o w n d a t a p o i n t s . T h e r e d o e s n o t a p p e a r t o be a 
n e e d t o e x c e e d 100 k n o w n d a t a p o i n t s " ( M o r r i s o n , 1 9 7 1 . 
6 1 ) . 
C l e a r l y ^ t h e s i z e o f d a t a s e t r e q u i r e d d e p e n d s on t h e r a n g e 
o f t h e a r e a t o be i n t e r p o l a t e d a n d t h e a c c u r a c y o f 
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i n t e r p o l a t i o n t h a t i s c o n s i d e r e d s u i t a b l e . M o r r i s o n u s e d 
i n h e r e n t l y s m o o t h s u r f a c e s , a n d t h e r e f o r e i t m i g h t be a s s u m e d 
r e q u i r e d l e s s p o i n t s a d e q u a t e l y t o d e f i n e t h e s e s u r f a c e s . 
A d d i t i o n a l l y , s i n c e M o r r i s o n a n d W a l d e n w e r e i n t e r e s t e d i n 
e x a m i n i n g t h e r e l a t i v e e f f e c t o f s a m p l e s i z e o n i n t e r p o l a t i o n , 
t h e i r t o l e r a n c e s m i g h t be d i f f e r e n t t o t h o s e u s e d i n t h i s 
s t u d y . 
I t was d e c i d e d I n i t i a l l y t h a t a l l t h e p o i n t s n e c e s s a r y t o 
d e f i n e a s p e c i f i c s a m p l e t y p e w o u l d be o b s e r v e d , t h u s v a r y i n g 
s a m p l e s i z e s w e r e g e n e r a t e d . S u b s e q u e n t l y , s a m p l e s i z e s o f 
a p p r o x i m a t e l y 2 5 0 p o i n t s w o u l d be r a n d o m l y s e l e c t e d f r o m t h e 
l a r g e r d a t a s e t s a n d a u g m e n t e d b y a p p r o x i m a t e l y 50 p o i n t s o n 
t h e b o r d e r o f t h e a r e a o f i n t e r e s t . T h i s b o r d e r s a m p l e w o u l d 
be common t o a l l d a t a s e t s , a n d p r o v i d e a s y s t e m a t i c d e c r e a s e 
i n e r r o r a t t h e e d g e s w h i c h w o u l d r e m o v e a n y 
' e d g e - e f f e c t ' . The s i z e o f t h e f i n a l s a m p l e s ( a p p r o x i m a t e l y 
3 0 0 p o i n t s ) was c o n s i d e r e d a b a l a n c e w h i c h w o u l d p r o d u c e 
a d e q u a t e l y d i f f e r i n g r e s u l t s f o r t h e v a r i o u s t e r r a i n , s a m p l e 
t y p e a n d i n t e r p o l a t i o n c o m b i n a t i o n s , w h i l e a l s o p r o v i d i n g a 
l a r g e e n o u g h s a m p l e t o k e e p c o m p u t a t i o n t i m e s o p e r a t i o n a l l y 
r e a s o n a b l e . 
3.4 DATA A C Q U I S I T I O N 
3 . 4 . 1 The S y s t e m 
The p h o t o g r a m m e t r i c m o d e l s w e r e o b s e r v e d on t h e O f f i c i n e 
G a l i l e o S t e r e o s I m p l e x I l c / W a n g 2 2 0 0 s p h o t o g r a m m e t r i c 
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d i g i t i s i n g s y s t e m i n t h e G e o g r a p h y D e p a r t m e n t o f t h e 
U n i v e r s i t y o f G l a s g o w ( P e t r i e a n d Adam, 1 9 8 0 ) . The s y s t e m 
c o n t a i n e d t h e f o l l o w i n g e l e m e n t s : 
a. i n c r e m e n t a l l i n e a r e n c o d e r s a t t a c h e d t o a n O f f i c i n e 
G a l i l e o S t e r e o s i m p l e x l i e : 
b . a s m a l l c o n s o l e c o n t a i n i n g n i x i e - t u b e x , y , z , 
c o - o r d i n a t e d i s p l a y a n d t h e i n t e r f a c e e l e c t r o n i c s ; 
c- a Wang 2 2 0 0 S d e s k - t o p c o m p u t e r w i t h a n 8K b y t e ( 8 b i t 
w o r d ) m e m o r y : 
d. a B a y d e l c a s s e t t e d r i v e t o r e c o r d d a t a i n ECMA 34 
( I S 0 - 3 0 4 7 ) s t a n d a r d f o r m a t j 
e. a GTCO d i g i t i s i n g t a b l e t . 
T h e S t e r e o s i m p l e x l i e i s s t a n d a r d , w i t h c l a m p s i n a l l t h r e e 
a x e s a n d s l o w m o t i o n s c r e w s i n x a n d y. The e n c o d e r s h a v e a 
r e s o l u t i o n o f 5jim a n d g i v e a c o n s t a n t l y u p - d a t e d o u t p u t t o t h e 
n i x i e - t u b e d i s p l a y ( 5 d e c a d e s a n d a b i n a d e ) , w h i c h i s o n l y 
t r a n s f e r e d t o t h e Wang on d e p r e s s i o n o f t h e f o o t - s w i t c h . The 
s t a n d a r d d i s p l a y u n i t s a l s o i n c l u d e p r e s e t a n d r e s e t b u t t o n s 
a n d t h u m b w h e e l s w i t c h e s . The p l o t t e r c o u l d t h e r e f o r e be 
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' l o c k e d ' i n x , y , and z and t h e r e a d i n g s t r a n s f e r r e d t o t h e 
t h u m b w h e e l s . T h i s a l l o w e d t h e d i g i t i s i n g s y s t e m t o be s w i t c h e d 
o f f w i t h o u t l o s s o f c o - o r d i n a t e s a nd o r i g i n , a s t h e 
c o - o r d i n a t e s c o u l d be r e s e t by d e p r e s s i n g t h e ' r e s e t ' b u t t o n 
w h i l e t h e p l o t t e r was l o c k e d a t a f i x e d p o i n t . 
A d d i t i o n a l l y , t h e c a r t o g r a p h i c d i g i t i s i n g t a b l e t c o u l d be 
d i r e c t l y c o n n e c t e d t o t h e B a y d e l u n i t , a l t h o u g h i n p r a c t i c e 
t h i s was done t h r o u g h a VDU t e r m i n a l w h i c h a l l o w e d d a t a t o be 
f l a g g e d a s t h e y w e r e o b s e r v e d . No s o f t w a r e was t h e r e f o r e u s e d , 
w i t h t h e baud r a t e o f t h e d i g i t i s i n g t a b l e t c o n t r o l l i n g t h e 
f l o w o f d a t a i n s t r e a m mode. 
Once t h e ECMA 34 d i g i t a l d a t a c a s s e t t e t a p e c o n t a i n e d 
s u f f i c i e n t d a t a , i t was t r a n s f e r r e d o n t o 12.7mm, 9 t r a c k , 
I B M - c o m p a t i b l e t a p e u s i n g t h e d a t a t r a n s f e r s a t e l l i t e 
a v a i l a b l e i n t h e U n i v e r s i t y o f G l a s g o w C o m p u t i n g S e r v i c e . 
3.4.2 Method Of D a t a A c q u i s i t i o n 
The g e n e r a l p r o c e d u r e f o r d a t a a c q u i s i t i o n was a s f o l l o w s . 
F o r e a c h d a t a s u r f a c e , t h e m o d e l was e s t a b l i s h e d i n t h e 
c o n v e n t i o n a l p h o t o g r a m m e t r i e manner ( s e e A m e r i c a n S o c i e t y o f 
P h o t o g r a m m e t r y , 1 9 6 5 ) . H o w e v e r ; s i n c e r e l a t i v e a c c u r a c y was o f 
p r i m e i m p o r t a n c e , g r e a t c a r e was t a k e n w i t h t h e i n n e r a nd 
r e l a t i v e o r i e n t a t i o n s . H a v i n g e s t a b l i s h e d a good o r i e n t a t i o n ^ 
s a m p l i n g was commenced. The v a r i o u s d a t a s e t s ( B R E A K L I N E S , 
CONTOURS, GRID, R I V E R S and S C A T T E R ) w e r e o b s e r v e d 
s i m u l t a n e o u s l y ( a n d f l a g g e d f o r l a t e r s e p a r a t i o n ) i n o r d e r t o 
d i s t r i b u t e a n y e r r o r ^ 
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a. d u e t o t h e m a c h i n e d r i f t i n g o u t o f o r i e n t a t i o n o v e r 
t h e p e r i o d o f d i g i t i s i n g , 
b . d u e t o s t r a i n o n t h e o b s e r v e r w h i l e o b s e r v i n g c e r t a i n 
s a m p l e s o r a t c e r t a i n t i m e s o f d i g i t i s i n g . I t was f o u n d 
t h a t t h e r e was a human l i m i t ( a b o u t 6 h o u r s f o r t h e a u t h o r ) 
w h i c h c o u l d be s p e n t m o n o t o n o u s l y o b s e r v i n g a g r i d w i t h o u t 
a g r e a t l y i n c r e a s e d f r e q u e n c y o f e r r o r s b e i n g made. I n 
a d d i t i o n , a n o b s e r v e r i s f r e s h e r i n t h e f i r s t f e w h o u r s o f 
o b s e r v a t i o n a n d t h i s m i g h t a f f e c t t h e r e s u l t a n t a c c u r a c y o f 
some d a t a s e t s . 
W h i l e d i g i t i s i n g , p o i n t mode e n c o d i n g was c h o s e n i n o r d e r 
t o : 
a. a l l o w c a r e f u l s e l e c t i o n o f l i n e a r p o i n t s i n o p t i m u m 
l o c a t i o n s w i t h o u t t h e u r g e n c y i m p l i c i t i n s t r e a m mode: 
b . p r e v e n t a n y l o s s o f d a t a d u e t o t h e i n a b i l i t y o f t h e 
s y s t e m , g i v e n t h e e x i s t i n g s m a l l b u f f e r s i z e s , t o c o p e w i t h 
s t r e a m d i g i t i s i n g ; 
c. o v e r c o m e some o f t h e p r o b l e m s i n h e r e n t i n t h e t h e n 
s t r e a m d i g i t i s i n g i m p l e m e n t a t i o n i n t h e s y s t e m . 
S e v e r a l f e a t u r e s o c c u r r i n g w h i l e d i g i t i s i n g a r e w o r t h y o f 
n o t e . A c o n t i n u o u s p o i n t c o u n t was a u g m e n t e d a n d r e c o r d e d w i t h 
t h e c o - o r d i n a t e s s u c h t h a t , a t a n y s t a g e , t h e t o t a l n u m b e r o f 
149 
p o i n t s d i g i t i s e d w i t h i n t h e m o d e l a n d w i t h i n a s p e c i f i c s a m p l e 
c o u l d be a s s e s s e d . W h e r e l i n e a r d a t a w e r e o b s e r v e d , a p o i n t 
w e l l o u t s i d e t h e a r e a o f i n t e r e s t was c h o s e n a s a t e r m i n a t o r 
t o a i d l a t e r p o s t - o b s e r v a t i o n a l p r o c e s s i n g . A l l t h e v i s i b l e 
r i v e r s y s t e m s w e r e s a m p l e d a t p o i n t s o f m o r p h o l o g i c a l 
s i g n i f i c a n c e a n d o n b o t h b a n k s w h e r e p o s s i b l e . The m a j o r 
b r e a k s o f s l o p e w e r e s a m p l e d o n p o i n t s o f m o r p h o l o g i c a l 
s i g n i f i c a n c e . The g r i d was o b s e r v e d b y s c a n n i n g i n y a n d , 
w i t h i n t h a t , u p a n d down i n x, u t i l i s i n g c l a m p s a n d 
s l o w - m o t i o n s c r e w s t o e n s u r e p r e c i s e p o s i t i o n i n g . 
T he c o n t o u r d i g i t i s i n g i n c u r r e d t h e m o s t p r o b l e m s . S i n c e i t 
was i m p r a c t i c a b l e t o u s e s t r e a m d i g i t i s i n g o n t h e p l o t t e r , a n d 
s i n c e i t was f e l t t h a t a g r e a t e r a c c u r a c y c o u l d be o b t a i n e d b y 
p o i n t d i g i t i s i n g , t h e FORV c o n t o u r s w e r e i n i t i a l l y d i g i t i s e d 
i n p o i n t mode, a l t h o u g h a r e g i s t e r e d c o n t o u r p l o t was a l s o 
d i r e c t l y d r a w n o n t h e a t t a t c h e d p l o t t e r t a b l e . The p l o t was 
s u b s e q u e n t l y d i g i t i s e d m a n u a l l y o n t h e t a b l e t d i g i t i s e r . S i n c e 
t h e o r i g i n a l a n d d i g i t i s e d p l o t s w e r e i n d i s t i n g u i s h a b l e , o n l y 
t h e l a t t e r s y s t e m was u s e d f o r L I A N a n d I N C H , a s i t was f a s t e r 
a n d r e s u l t e d i n s m o o t h e r c o n t o u r s t h a n t h e p h o t o g r a m m e t r i c a 1 1 y 
p o i n t - d i g i t i s e d c o n t o u r s . The c o n t o u r s w e r e d i g i t i s e d 
f o l l o w i n g M a c L e o d ' s r u l e t h a t , 
" t h e ( h i g h e r ) a r e a l i e s t o t h e r i g h t o f t h e l i n e as 
d i g i t i s e d " ( K e i r , 1 9 7 6 , 1 3 ) . 
3 . 4 3 P o s t - o b s e r v a t 1 o n a 1 P r o c e s s i n g 
A c e r t a i n a m o u n t o f p o s t - o b s e r v a t i o n a 1 d a t a p r o c e s s i n g was 
r e q u i r e d t o c o n v e r t r a w o b s e r v a t i o n s i n t o a f l e x i b l e d a t a 
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s o u r c e . A l l d a t a w e r e t r a n s f o r m e d f r o m d i g i t i s e r c o - o r d i n a t e s 
i n t o l o c a l t e r r a i n c o - o r d i n a t e s . G r i d d e d d a t a w e r e 
a d d i t i o n a l l y r e f o r m a t t e d f r o m x , y , z f o r m a t t o a s e q u e n t i a l , 
c o m p a c t s t o r e o f z c o - o r d i n a t e s o n l y . A n y g r i d s u b s e t , a n d 
i n d e e d g r i d - d e r i v e d p o i n t s a m p l e c o u l d be g e n e r a t e d f r o m t h i s 
f o r m a t u s i n g t h e p r o g r a m 'REFORM' ( s e e A l . 4 . 1 8 ) . L i n e a r d a t a 
w e r e t r i m m e d t o t h e b o r d e r a n d a n y p o l y g o n s (e.g. c o n t o u r s ) 
w e r e c l o s e d . F i n a l l y , a l l d a t a s e t s w e r e r e - s a m p l e d t o p r o d u c e 
s i m i l a r l y s i z e d d a t a s e t s ( a p p r o x i m a t e l y 2 5 0 p o i n t s ) , a n d 
s u f f i c i e n t b o r d e r p o i n t s w e r e a d d e d t o t h e d a t a s e t s t o p e r m i t 
i n t e r p o l a t i o n w i t h o u t s i g n i f i c a n t e d g e - e f f e c t d i s t o r t i o n . 
T a b l e 3.2 a n d F i g u r e 3.4 s u m m a r i s e a l l t h e d a t a s e t s . 
3.4.4 A c c u r a c y 
I n o r d e r t o u n d e r s t a n d f u l l y a n y s u b s e q u e n t i n t e r p o l a t i o n 
e r r o r s a n d t o r e l a t e t h e d a t a s e t s u t i l i s e d w i t h i n t h i s t h e s i s 
t o ' r e a l i t y ' , t h e e x a c t n a t u r e o f t h e a c c u r a c y o f t h e d a t a 
m u s t be e s t i m a t e d - T h i s may be c o n s i d e r e d i n t e r m s o f 
p h o t o g r a m m e t r i c a n d c a r t o g r a p h i c d a t a c a p t u r e e r r o r s . 
3 . 4 . 4 . 1 P h o t o g r a m m e t r i c D i g i t i s i n g E r r o r 
P h o t o g r a m m e t r i c e r r o r s may be s u m m a r i s e d i n t e r m s o f 
i n s t r u m e n t a l , i m a g e r y , c o n t r o l a n d o b s e r v a t i o n a l e r r o r s . I t i s 
g e n e r a l l y c o n s i d e r e d t h a t t h e p l a n i m e t r i c i n s t r u m e n t a l 
a c c u r a c y o f a S t e r e o s i m p l e x l i e i s i n t h e r a n g e 0 . 0 2 % t o 
0 . 0 8 % . T h e s e f i g u r e s o n l y r e p r e s e n t t h e a c c u r a c y i n s t a t i o n a r y 
mode a n d a r e t h e r e f o r e u n r e a l i s t i c f o r d y n a m i c mode, w h i c h 
M a r c k w a r d t ( 1 9 7 8 ) s u g g e s t s i s t h e m a i n r e a s o n f o r 
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p h o t o g r a m m e t r i e p l o t t i n g n o t m e e t i n g a r e q u i r e d a c c u r a c y . 
T h e r e f o r e , w i t h i n t h i s r e s e a r c h , t h e a c c u r a c y o f t h e c o n t o u r s 
w o u l d be e x p e c t e d t o be s l i g h t l y l e s s t h a n t h a t o f t h e o t h e r 
d a t a s e t s . 
S t r a i n s t a t e s t h a t : 
" t h e r e l a t i v e a c c u r a c y o f s p o t e l e v a t i o n s a n d t h e 
r u n n i n g c o n t o u r s i s a s u b j e c t o f c o n s i d e r a b l e 
c o n t r o v e r s y . ... a s u m m a r y o f r e p o r t s I h a v e s e e n a n d 
s t u d i e s I h a v e b e e n d i r e c t l y i n v o l v e d i n i n d i c a t e a 
r e l a t i v e f a c t o r o f b e t w e e n 1.67 a n d 2 ... i t seems 
r e a s o n a b l e t o a c c e p t t h e 2x f a c t o r ^ . . . " ( S t r a i n , 1 9 7 2 ) . 
I n a d d i t i o n , n o n - i n s t r u m e n t a l e r r o r s o u r c e s m u s t be 
c o n s i d e r e d . T h e s e a r e : 
a. g r o u n d c o n t r o l e r r o r s - b o t h p o o r d i s t r i b u t i o n o f 
c o n t r o l a n d e r r o r s o f p o s i t i o n ; 
b . p h o t o g r a m m e t r i c m a t e r i a l s - m o v e m e n t o f t h e e m u l s i o n 
b a s e m a t e r i a l s t a b i l i t y , p r o c e s s i n g e r r o r s ; 
c . i m a g e c o l l e c t i o n e r r o r s - r e f r a c t i o n , n o n - f l a t n e s s o f 
f i l m , l e n s a n d r e s i d u a l d i s t o r t i o n ; 
d . o b s e r v a t i o n a l e r r o r s - c o n t r o l p o i n t 
m i s - i d e n t i f i c a t i o n , s c a l e r e a d i n g e r r o r s , f a i l u r e t o 
c o m p l e t e l y r e m o v e p a r a l l a x , b a c k l a s h i n t h e i n s t r u m e n t . 
The t o t a l e f f e c t o f p h o t o m a t e r i a 1s a n d i m a g e c o l l e c t i o n 
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e r r o r s i s g e n e r a l l y c o n s i d e r e d t o be a p p r o x i m a t e l y 10pm 
( M a r c k w a r d t , 1 9 7 8 ) . H o w e v e r , t h e s e e r r o r s a n d ^ m o r e 
i m p o r t a n t l y , t h e g r o u n d c o n t r o l e r r o r s , w i l l o n l y a f f e c t t h e 
a b s o l u t e a c c u r a c y o f a n y c o - o r d i n a t es o b t a i n e d * S i n c e t h e 
p h o t p g r a m m e t r i c s a m p l i n g was t o d e r i v e d a t a s e t s i n l o c a l 
c o - o r d i n a t e s a n d n o t t o e x a c t l y m o d e l a p o r t i o n o f t h e E a r t h ' s 
s u r f a c e i n r e l a t i o n t o a l l o t h e r p a r t s , t h e s e t h r e e e r r o r 
s o u r c e s w e r e i g n o r e d - M a r c k w a r d t ( 1 9 7 8 ) s t r e s s e d t h e 
i m p o r t a n c e o f o p e r a t o r e x p e r i e n c e , o r o b s e r v a t i o n a l e r r o r , a n d 
t h i s i s o f m a j o r s i g n i f i c a n c e i n t h i s s t u d y . H o w e v e r i t i s 
e x t r e m e l y d i f f i c u l t t o q u a n t i f y t h e s e e r r o r s ; g r e a t c a r e was 
t a k e n t o m i n i m i s e t h e m . 
A d d i t i o n a l l y , t h e i m p a c t o f t h e d i g i t i s e r m u s t be 
c o n s i d e r e d . W h i l e r e s o l u t i o n s o f 0.005mm a r e q u i t e common o n 
p h o t o g r a m m e t r i c d i g i t i s e r s , P e t r i e ( 1 9 7 0 ) s u g g e s t s a m o r e 
r e a l i s t i c f i g u r e o f + / - ( 0 . 0 2 - 0 - 03)mm a s t h e s t a n d a r d d e v i a t i o n 
o b t a i n a b l e i n t h e m o d e l a r e a . T h i s w o u l d be s l i g h t l y l o w e r i n 
d y n a m i c mode• 
I n o r d e r t o q u a n t i f y a l l t h e o b s e r v a t i o n a l , d i g i t i s e r a n d 
p l o t t e r e r r o r s , t h r e e t e r r a i n p o i n t s w e r e r e - o b s e r v e d t e n 
t i m e s d u r i n g o b s e r v a t i o n . The r e s u l t a n t s t a n d a r d d e v i a t i o n s 
o b t a i n e d i n m o d e l c o - o r d i n a t e s w e r e 0.043mm i n x , 0.031mm i n y 
a n d 0.013mm i n z. T h i s i s e q u i v a l e n t t o d e v i a t i o n s i n t e r r a i n 
c o - o r d i n a t e s o f 0.215m, 0.155m a n d 0.065m f o r F0RV a n d 0.645m, 
0.462m a n d 0.196m f o r L I A N a n d INCH. I n o r d e r t o o v e r c o m e t h e 
p r o b l e m s o f a d d i t i o n a l d y n a m i c mode e r r o r s , s a m p l i n g f o r F0RV 
c o n t o u r s was a t t e m p t e d i n s t a t i o n a r y mode. When t h e c o n t o u r s 
w e r e d i g i t a l l y p l o t t e d a t f i n a l s c a l e , i t became a p p a r e n t t h a t 
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t h i s was u n s a t i s f a c t o r y , a s t h e c o n t o u r s w e r e t o o a n g u l a r , 
a l t h o u g h t h e r e was g o o d c o r r e l a t i o n b e t w e e n t h e p o i n t s a n d t h e 
c a r t o g r a p h i c a l l y d i g i t i s e d p h o t o g r a m m e t r i c c o n t o u r s . 
S u b s e q u e n t c o n t o u r s w e r e o n l y d i g i t i s e d c a r t o g r a p h i c a l l y f r o m 
t h e p h o t o g r a m m e t r i c p l o t . T h i s c o m b i n a t i o n i n v o l v e s s i m i l a r 
a c c u r a c i e s o f p r o c e d u r e a s , 
" t h e a c c u r a c y w h i c h w i l l be a c h i e v e d i n s t e r e o p l o t t i n g 
m a c h i n e s d u r i n g t h e d y n a m i c mode o f p l o t t i n g w i l l be 
r a t h e r l o w e r ( t h a n i n s t a t i o n a r y m o d e ) , b u t s h o u l d be a t 
l e a s t a s g o o d a s t h a t o f a n y c a r t o g r a p h i c d i g i t i s e r " 
( P e t r i e , 1 9 7 0 , 7 ) . 
3 4.4.2 C a r t o g r a p h i c D i g i t i s i n g E r r o r 
C a r t o g r a p h i c e r r o r , l i k e p h o t o g r a m m e t r i c e r r o r , may be 
s u b - d i v i d e d i n t o i n s t r u m e n t a l a n d n o n - i n s t r u m e n t a 1 e r r o r s . 
I n s t r u m e n t a l e r r o r v a r i e s w i t h I n s t r u m e n t r e s o l u t i o n . R o g e r s 
a n d D a w s o n ( 1 9 7 9 ) s t a t e d t h a t c u r r e n t r e s o l u t i o n s o f 
c a r t o g r a p h i c d i g i t i s e r s v a r y f r o m 0 . 0 0 2 5 - 0 - 25mm. P e t r i e ( 1 9 7 0 ) 
s u g g e s t e d t h a t a s t a n d a r d d e v i a t i o n o f a p p r o x i m a t e l y +/-0.1mm 
i s g e n e r a l l y a t t a i n a b l e . The d i g i t i s e r u s e d f o r d i g i t i s i n g 
c o n t o u r s was a S u m m a g r a p h i c s I D t a b l e t w i t h r e s o l u t i o n 0.13mm 
a n d a n a c c u r a c y o f 0.1mm. 
I n a d d i t i o n t o d i g i t i s e r e r r o r , e r r o r s c a u s e d b y l i n e 
w i d t h , p a p e r s t r e t c h a n d h a n d s h a k e s h o u l d be c o n s i d e r e d . A 
l i n e w i d t h o f 0.1mm o n a l o w d i s t o r t i o n p l a s t i c b a s e was u s e d 
i n a n a t t e m p t t o make t h e f i r s t t w o e r r o r s n e g l i g i b l e . As w i t h 
p h o t o g r a m m e t r i c d i g i t i s i n g , o b s e r v a t i o n a l e r r o r s r e p r e s e n t a 
s o u r c e o f e r r o r w h i c h i s d i f f i c u l t t o q u a n t i f y a s a c o n s t a n t ; 
h o w e v e r , s e v e r a l p o i n t s ( g r i d n o d e s ) w e r e r e - o b s e r v e d i n o r d e r 
DATA 
154 
t o o b t a i n a n e s t i m a t e f o r t h e s t a n d a r d d e v i a t i o n o f 
d i g i t i s i n g , a n d t h u s a n e s t i m a t i o n o f t h e o b s e r v a t i o n a l a n d 
d i g i t i s e r e r r o r s . The r e s u l t a n t s t a n d a r d d e v i a t i o n s o b t a i n e d 
w e r e 0.09mm i n x a n d 0.12mm i n y. T h i s i s e q u i v a l e n t t o 
d e v i a t i o n s i n t e r r a i n c o - o r d i n a t e s o f 0.450m a n d 0.600m f o r 
FORV a n d 0.675m a n d 0.900m f o r L I A N a n d INCH. 
O v e r a l l , i t i s f e l t t h a t t h i s a c c u r a c y i s c o m p a r a b l e w i t h 
m o s t o f t h e d i s c i p l i n e s i n t h e e a r t h s c i e n c e s , m a p p i n g , a n d 
e n g i n e e r i n g . C o n n e l l y s t a t e d t h a t 
" t e r r a i n i s t h e m o s t b a s i c g e o g r a p h i c f e a t u r e " a n d 
t h a t " e x t r e m e a c c u r a c y i s s e l d o m d e m a n d e d i n r e g i o n a l 
g e o g r a p h i c m a p p i n g . When w o r k i n g i n a r e a l s t u d i e s s u c h a s 
d e m o g r a p h y , c l i m a t o g r a p h y o r e c o l o g y , g e o g r a p h e r s p r e f e r 
t o c o n s i d e r o n l y t h e l a r g e s c a l e r e g i o n a l f e a t u r e s , t h u s 
t h e a c c u r a c y r e q u i r e d o f t e r r a i n h e i g h t d a t a i s s o m e w h a t 
h i g h e r t h a n t h a t r e q u i r e d o f o t h e r g e o g r a p h i c d a t a " 
C o n n e l l y ( 1 9 7 1 , 129 a n d 1 0 1 ) . 
I t h a s a l r e a d y b e e n s h o w n t h a t t h e s t a n d a r d d e v i a t i o n o f 
t h e d a t a i s c o m p a r a b l e w i t h t h a t e x p e c t e d i n p r e s e n t - d a y 
t o p o g r a p h i c m a p p i n g . I n o t h e r e a r t h s c i e n c e s , a c c u r a c i e s o f 
+ / - l m a r e g e n e r a l l y m o r e t h a n a d e q u a t e . F o r e n g i n e e r i n g 
p u r p o s e s , P h o n e k o ( 1 9 7 1 ) s u g g e s t e d t h a t a n a c c u r a c y o f s p o t 
h e i g h t s i n d e t a i l e d d e s i g n o f 0.1m-0.2m i s a d e q u a t e . 
A d d i t i o n a l l y i t i s c o n s i d e r e d t h a t p h o t o g r a m m e t r i c h e i g h t 
a c c u r a c y i s 
" s u f f i c i e n t f o r a l l c i v i l e n g i n e e r i n g p r o j e c t s " 
( B l a s c h k e , 1 9 6 9 , 4 ) . 
I n d e e d , t h e d a t a c o l l e c t e d i n t h i s t h e s i s w o u l d e v e n p a s s 
t h e m o s t s t r i n g e n t 1:500 s c a l e s p e c i f i c a t i o n s i n t h e MOSS 
g r o u n d m o d e l s y s t e m ( C r a i n e a n d H e a t h e r i n g t o n , 1 9 7 7 ) . 
I t m u s t t h e r e f o r e be c o n c l u d e d t h a t t h e d a t a a r e c o m p a r a b l e 
i n t e r m s o f a c c u r a c y t o t h a t r e q u i r e d w i t h i n many o t h e r 
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d i s c i p l i n e s , and, a t l e a s t i n ter r a s o f a c c u r a c y , a r e t h u s 
s u i t a b l e samples f o r t h i s e x a m i n a t i o n . 
3.4.5 C h a r a c t e r i s t i c s Of The O b s e r v e d D a t a S e t s 
I n t h e p r e v i o u s d i s c u s s i o n , t h e d e r i v e d d a t a s e t s have been 
c o n s i d e r e d i n r e l a t i o n t o t h e s a m p l i n g method o f t h e o b s e r v e d 
s u r f a c e . D i s c u s s i o n , w h i l e u n i q u e l y d e f i n i n g e ach d a t a s e t 
w i t h i n t h e c o n t e x t o f t h e o r i g i n a l l y measured p h o t o g r a m m e t r i c 
m o d e l t o p o g r a p h y , has n o t p r i m a r i l y a t t e m p t e d t o d e f i n e each 
d a t a s e t i n r e l a t i o n t o each o t h e r d a t a s e t . I t i s n e c e s s a r y 
t o u t i l i s e o b j e c t i v e r e p e a t a b l e measures t o d e s c r i b e t h e d a t a 
s e t s i n o r d e r t o : 
a. be a b l e t o d e s c r i b e t h e d a t a s e t s w i t h o u t r e l a t i o n t o 
t h e e n c l o s i n g shape o r d i m e n s i o n s o f t h e a r e a . 
b. be a b l e t o compare t h e d a t a u t i l i s e d w i t h i n t h i s 
r e s e a r c h ( a n d t h u s t h e r e s u l t s o f u s i n g s u c h d a t a ) t o t h a t 
u t i l i s e d e l s e w h e r e and i n o t h e r d i s c i p l i n e s . 
c. p r e c i s e l y d e s c r i b e t h e d a t a s e t s f o r t h e f u t u r e 
s t a t i s t i c a l a n a l y s i s o f e r r o r d i s t r i b u t i o n and c a u s a t i o n 
( s e e C h a p t e r 6 ) -
Unwin ( 1 9 8 1 ) s u g g e s t s t h a t , t h e maximum amount o f 
i n f o r m a t i o n can be e x t r a c t e d f r o m p o i n t maps by u t i l i s i n g some 
method o f p a t t e r n d e s c r i p t o r 
" P a t t e r n i s t h a t c h a r a c t e r i c t i c o f a s p a t i a l 
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a r r a n g e m e n t g i v e n by t h e s p a c i n g o f i n d i v i d u a l s i n 
r e l a t i o n t o one a n o t h e r . I t i s , t h e r e f o r e , n o t r e l a t e d t o 
t h e shape o f t h e s t u d y a r e a i n w h i c h i t i s f o u n d and can 
be c o n t r a s t e d w i t h t h e p r o p e r t y o f d i s p e r s i o n , w h i c h i s 
t h e s p a c i n g o f o b j e c t s i n r e l a t i o n t o an e n c l o s i n g s h a p e . 
The d e n s i t y i s t h e p r o p e r t y o f d i s p e r s a l r e l a t i v e t o an 
a r e a b u t i s i n d e p e n d e n t o f t h e a r e a shape o r t h e 
d i s p e r s i o n o f t h e o b j e c t s w i t h i n i t " , ( U n w i n , 1 9 8 1 ? 3 7 ) . 
Unwin s u g g e s t s t h a t t h r e e d i s t i n c t a p p r o a c h e s may be 
u t i l i s e d t o s o l v e t h i s p r o b l e m . 
3.4.5.1 Measures Based On D e n s i t y 
The s i m p l e s t measure w h i c h may be a d o p t e d i s c r u d e d e n s i t y 
( t h e number o f p o i n t s p e r u n i t a r e a ) . S i n c e s i m i l a r l y - s i z e d 
d a t a s e t s o f v a r y i n g p a t t e r n w h i c h o c c u p y t h e same a r e a 
p r o d u c e i d e n t i c a l c r u d e d e n s i t y v a l u e s ^ i t must be c o n s i d e r e d 
t o g i v e v e r y l i t t l e i n f o r m a t i o n a b o u t d i s p e r s i o n and p a t t e r n . 
An a l t e r n a t i v e i s t o u t i l i s e q u a d r a t a n a l y s i s , and t o 
g e n e r a t e a v a r i e t y o f s t a t i s t i c s f r o m a d i s t r i b u t i o n o f t h e 
number o f d a t a p o i n t s f a l l i n g i n t o a s e r i e s o f 
i d e n t i c a l l y - s h a p e d and e q u i - s i z e d s u b - a r e a s - o r q u a d r a t s 
l a i d a c r o s s t h e d a t a a r e a . T h i s p r o d u c e s a p i c t u r e o f d e n s i t y 
v a r i a t i o n a c r o s s t h e a r e a and i s g e n e r a l l y d e s c r i b e d by Unwin 
( 1 9 8 1 ) , T a y l o r ( 1 9 7 7 ) and R i p l e y ( 1 9 8 1 ) . A c o m p u t e r p r o g r a m 
(QA - see A1.4 17) was w r i t t e n t o g e n e r a t e some o f t h e q u a d r a t 
a n a l y s i s s t a t i s t i c s m e n t i o n e d i n t h e l i t e r a t u r e , and t h e 
r e s u l t s a r e summarised i n T a b l e 3.3a/b. The p r o g r a m i s based 
on t h e more common ' q u a d r a t c e n s u s i n g ' - t h e a r e a o f i n t e r e s t 
b e i n g e x h a u s t i v e l y p a r t i t i o n e d i n t o a g r i d o f c o n t i g u o u s 
q u a d r a t s - e v e r y p o i n t b e i n g c o u n t e d once o n l y . Two cases a r e 
c o n s i d e r e d i n t h e t a b l e s ^ -
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T a b l e 3.3 Summary of qu a d r a t c e n s u s l n g s t a t i s t i c s . 
DATA MEAN VARIANCE RATIO ICS I C F X* I P 
I B 3. 380 7.376 2.182 1.182 2.859 4. 562 1. 350 
I C 2.900 2.750 0.948 -0.052 -55.877 2. 848 0. 982 
IG 3.240 2.193 0. 677 -0.323 -10.024 2. 917 0. 900 
IR 2.940 9.870 3.357 2.357 1.247 5. 297 1. 802 
I S 2.900 3.053 1.053 0.053 55.139 2. 953 1. 018 
LB 3.050 12.573 4. 122 3.122 0.977 6. 172 2. 024 
LC 3.160 5.425 1.717 0.717 4.409 3. 877 1. 227 
LG 3.040 4.634 1. 524 0. 524 5.799 3. 564 1. 172 
LR 3.220 15.721 4.882 3.882 0.829 7. 102 2. 206 
LS 2.940 4.912 1.671 0.671 4.383 3. 611 1. 228 
FB 2. 500 5.444 2.178 1.178 2.123 3. 678 1. 471 
FC 2. 500 3.343 1.337 0.337 7.410 2. 837 1. 135 
FG 2. 500 1.222 0.489 -0.511 -4.891 1. 989 0. 796 
FS 2. 500 4.818 1.927 0.927 2.696 3. 427 1. 371 
a ) u s i n g 100 c e l l s 
DATA MEAN VARIANCE RATIO ICS I C F X * I P 
I B 0.845 1. 102 1.304 0. 304 2.782 1. 149 1. 359 
I C 0.725 0.630 0.870 -0.130 -5.559 0. 595 0. 820 
IG 0.810 0.193 0.238 -0.762 -1.063 0. 048 0. 060 
IR 0.735 1.659 2.258 1.258 0.585 1. 993 2. 711 
I S 0.725 0.701 0.966 -0.034 -21.565 0. 691 0. 954 
LB 0. 763 1.360 1.784 0.784 0.973 1. 547 2. 028 
LC 0. 790 0.779 0.987 -0.013 -5.859 0. 777 0. 983 
LG 0. 760 1.192 1.568 0. 568 1.338 1. 328 1 . 748 
LR 0.805 2.391 2.971 1.971 0. 409 2. 776 3. 448 
LS 0.735 0.925 1.259 0.259 2.838 0. 994 1. 352 
FB 0.625 0.816 1.306 0. 306 2.041 0. 931 1. 490 
FC 0.625 0.631 1.010 0.010 65.628 0. 635 1. 015 
FG 0.625 0.235 0.376 -0.624 -1.002 0. 001 0. 002 
FS 0.625 0.803 1. 285 0.285 2.191 0. 910 1. 456 
b ) u s i n g 400 c e l l s . 
158 
a. where 100 q u a d r a t s o v e r l a y e d t h e d a t a a r e a . 
b. where 400 q u a d r a t s o v e r l a y e d t h e d a t a a r e a . 
From t h e r e s u l t a n t I n t e n s i t y d i s t r i b u t i o n 
( p o i n t s / q u a d r a n t ) , t h e mean may be g e n e r a t e d . As m e n t i o n e d 
p r e v i o u s l y , t h i s c o n v e y s l i t t l e i n f o r m a t i o n a b o u t t h e 
d i s t r i b u t i o n p a t t e r n , b u t i n t h i s case o n l y r e f l e c t s t h e 
i n d i v i d u a l sample s i z e . The v a r i a n c e o f t h e i n t e n s i t y e s t i m a t e 
depends on t h e s p a t i a l p a t t e r n o f t h e d a t a s e t . An even d a t a 
d i s t r i b u t i o n r e s u l t s i n a l o w v a r i a n c e - t h u s f o r a l l t h e 
m o d e l s , GRID d a t a have a v e r y l o w v a r i a n c e and RIVER and 
BREAKLINE d a t a have t h e h i g h e s t v a r i a n c e . A r a t i o 
( v a r i a n c e / m e a n ) may be e s t a b l i s h e d t o r e l a t e s p a t i a l p a t t e r n 
t o d e n s i t y - t h i s v a l u e i n c r e a s e s w i t h c l u s t e r i n g . 
R i p l e y ( 1 9 8 1 ) d i s c u s s e s many o t h e r s t a t i s t i c s w h i c h may be 
e v o l v e d f r o m t h e s e b a s i c s t a t i s t i c s . 
a. The ICS ( I n d e x o f C l u s t e r i n g ) i s d e r i v e d s i m i l a r l y t o 
t h e r a t i o ( I C S = v a r i a n c e / m e a n - 1 ) . I f t h e p o p u l a t i o n i s 
c l u s t e r e d , t h e ICS w i l l be l a r g e , w hereas i f t h e 
i n d i v i d u a l s a r e r e g u l a r l y s p a c e d t h e i n d e x w i l l be 
n e g a t i v e . 
b. The ICF ( I n d e x o f C l u s t e r F r e q u e n c y ) measures t h e 
mean number o f c l u s t e r s p e r q u a d r a n t ( I C F = mean/ICS). 
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c- x * ( I n d e x o f Mean C r o w d i n g , x"*= mean+ICS) r e p r e s e n t s 
t h e number o f i n d i v i d u a l s s h a r i n g a q u a d r a t w i t h a t y p i c a l 
i n d i v i d u a l i n a n o t h e r c l u s t e r . 
d. I_P ( I n d e x o f P a t c h i n e s s , I P = x*/mean = 1 / I C F + l ) 
r e p r e s e n t s t h e number o f i n d i v i d u a l s s h a r i n g a q u a d r a t 
w i t h a t y p i c a l i n d i v i d u a l i n t h e same c l u s t e r . 
A t f i r s t s i g h t t h i s t e c h n i q u e a p p e a r s t o g e n e r a t e a w e a l t h 
o f s t a t i s t i c a l d e s c r i p t o r s o f t h e p a t t e r n o f t h e d a t a s e t s , 
a l t h o u g h t h e s e , and many o t h e r s t a t i s t i c s s u g g e s t e d by o t h e r 
w o r k e r s , a r e i n f a c t s i m i l a r c o n c e p t s e x p r e s s e d s l i g h t l y 
d i f f e r e n t l y . Unwin ( 1 9 8 1 ) o u t l i n e s a few p r o b l e m s i n u s i n g 
t h i s t e c h n i q u e . The f r e q u e n c y d i s t r i b u t i o n s t r o n g l y depends on 
t h e q u a d r a t s i z e , shape and o r i g i n ; t h i s may be a p p a r e n t f r o m 
c o n s i d e r i n g t h e r e s u l t s i n T a b l e s 3.3a/b - v a r y i n g one o f t h e 
p a r a m e t e r s ( s i z e ) a f f e c t s t h e f i n a l s t a t i s t i c a l r e s u l t s ( s e e 
p a r t i c u l a r l y t h e LIAN d a t a s e t s ) . A n o t h e r p r o b l e m , 
p a r t i c u l a r l y i f s t a t i s t i c a l a n a l y s i s i s i n t e n d e d , c o n c e r n s t h e 
two q u i t e d i f f e r e n t ways o f g e n e r a t i n g t h e f r e q u e n c y 
d i s t r i b u t i o n . ' Q u a d r a t c e n s u s i n g ' was used i n t h i s r e s e a r c h , 
b u t t h i s p r o d u c e s d i f f e r i n g s t a t i s t i c s f r o m t h e o t h e r common 
method - ' q u a d r a t s a m p l i n g ' . 
3.4.5-2 Measures Based On D i s t a n c e s 
An a l t e r n a t i v e method o f p a t t e r n d e s c r i p t i o n uses a s p a c i n g 
a p p r o a c h based on t h e d i s t a n c e s b e t w e e n d a t a p o i n t s . T h i s 
assumes a E u c l i d e a n g e o m e t r y a p p r o a c h t o d e r i v i n g t h e 
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i n t e r - p o i n t d i s t a n c e s . A c o m p u t e r p r o g r a m (PTDIST - see 
A p p e n d i x 1.4.16) was w r i t t e n t o compute s e v e r a l o f t h e 
s t a t i s t i c s w i t h i n t h i s g r o u p o f t e c h n i q u e s - t h e r e s u l t s a r e 
su m m a r i s e d i n T a b l e 3.4. 
The s i m p l e s t d e s c r i p t o r i s t h e mean c e n t r e o f t h e d a t a s e t , 
g e n e r a t e d s i m p l y by a v e r a g i n g a l l t h e x and y s p a t i a l 
c o - o r d i n a t e s f o r t h e d a t a s e t s - By c o n s i d e r i n g t h e t h i r d 
d i m e n s i o n ( z - v a l u e ) as a w e i g h t i n g f a c t o r ^ a w e i g h t e d mean 
c e n t r e may be d e r i v e d . As w i t h o r d i n a r y s t a t i s t i c s , t h e 
s c a t t e r o f t h e d a t a a r o u n d t h e mean may be measured by t h e 
s t a n d a r d d e v i a t i o n o f t h e d a t a . U s u a l l y t e r m e d t h e s t a n d a r d 
d i s t a n c e and t h e w e i g h t e d s t a n d a r d d i s t a n c e , t h e s e measure t h e 
s p a t i a l d i s p e r s i o n o f t h e p o i n t p a t t e r n - t h e v a l u e s 
i n c r e a s i n g w i t h d i s p e r s i o n . These may be computed s e p a r a t e l y 
( f o r x and y ) o r p o o l e d . A d i s a d v a n t a g e o f t h e s e measures i s 
t h a t t h e y a r e a l l s c a l e - d e p e n d e n t and t h e y w o u l d t h u s have t o 
be n o r m a l i s e d f o r i n t e r - m o d e l c o m p a r i s o n s . I n a d d i t i o n , s i n c e 
w i t h i n t h i s r e s e a r c h a r e l a t i v e d i s t r i b u t i o n d e s c r i p t o r i s o f 
more i n t e r e s t t h a n an a b s o l u t e d e s c r i p t o r , t h e s t a n d a r d 
d i s t a n c e s , p a r t i c u l a r l y t h e s e p a r a t e d ( x and y ) s t a t i s t i c s , 
a r e o f more i n t e r e s t . S u p e r f i c i a l l y , t h e s e p r o v i d e a l o w 
c o n s i s t e n c y d e s c r i p t o r . 
A s s o c i a t e d w i t h t h i s a p p r o a c h i s t h e d e r i v a t i o n o f t h e mean 
o f t h e d i s t a n c e s between each p o i n t and i t s n e a r e s t , s e c o n d , 
t h i r d - and h i g h e r - o r d e r n e i g h b o u r s , ( s e e T a b l e 3 . 4 ) . T h i s 
n e a r e s t n e i g h b o u r a p p r o a c h , w h i c h has been c o n s i d e r e d f o r t h e 
f i r s t t h r e e o r d e r s o f n e i g h b o u r s f o r t h e d a t a s e t s w i t h i n t h i s 
r e s e a r c h , i s s u b j e c t t o many l i m i t a t i o n s , e s p e c i a l l y t h e 
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p r o b l e m s o f l a c k o f c o n s i d e r a t i o n o f d i r e c t i o n s and 
e d g e - e f f e c t s ( d i s t o r t i o n must o c c u r a t t h e b o r d e r ) . I t s b e s t 
use i s n o t as a ' s n a p s h o t ' a t a c e r t a i n o r d e r o f n e i g h b o u r , 
b u t i n e s t a b l i s h i n g a t r e n d • For e x a m p l e , t h e 
e v e n l y - d i s t r i b u t e d GRID d a t a have, good c o n s i s t e n c y b e t w e e n t h e 
d i f f e r e n t o r d e r s , whereas t h e c l u s t e r e d RIVER d a t a show a 
marked i n c r e a s e b e t w e e n each o r d e r . 
T h i s a p p r o a c h ( o f d e t e r m i n i n g n e a r e s t n e i g h b o u r s ) f o r m s a 
b a s i s f o r one o f t h e most p o p u l a r p a t t e r n s t a t i s t i c s - N e a r e s t 
Nei Lgh_bour_ A n a l y s i s (NNA), see 3.2.1. I t has t h e a d v a n t a g e s 
t h a t t h e s t a t i s t i c i s d i m e n s i o n l e s s - d e s c r i b i n g t h e 
d i v e r g e n c e o f t h e a c t u a l p o i n t p a t t e r n f r o m randomness ( 1 . 0 ) 
by u s i n g a s i m p l e r a t i o . A d d i t i o n a l l y , i t i s f r e q u e n t l y used 
i n t h e l i t e r a t u r e as i t i s e a s i l y u n d e r s t o o d and f o r m s a 
u n i q u e , r e p e a t a b l e and c o n s i s t e n t d e s c r i p t o r o f p a t t e r n - A 
c o m p u t e r p r o g r a m (NNA) was d e v e l o p e d t o compute t h i s s t a t i s t i c 
f o r t h e r e s e a r c h d a t a s e t s ( s e e T a b l e 3.2) and t h e r e s u l t s 
w i l l be used i n t h e l a t e r a n a l y s i s o f r a n d o m - t o - g r i d 
i n t e r p o l a t i o n r e s u l t s ( s e e C h a p t e r 6 ) . 
3.4-5-3 Measures Based On D i s t a n c e And D i r e c t i o n 
Unwin a l s o s u g g e s t s a t h i r d c a t e g o r y o f methods w h i c h 
c h a r a c t e r i s e p a t t e r n . W h i l e I t may be a g r e e d t h a t t h e p r e v i o u s 
methods have t h e i r d i s a d v a n t a g e s w h i c h t h i s f i n a l c a t e g o r y 
s o l v e s - p r o v i d i n g no i n f o r m a t i o n on r e l a t i v e l o c a t i o n o f 
i n d i v i d u a l s ( q u a d r a t a n a l y s i s ) ^ and p r o b l e m s o f e d g e - e f f e c t 
( d i s t a n c e m e a s u r e s ) - i t i s b e l i e v e d ( a f t e r e x p e r i e n c e w i t h 
t h e T h i e s s e n a p p r o a c h w i t h i n 'DTC' - t h e s e 1 f - d e v e l o p e d 
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t r i a n g u l a t i o n and c o n t o u r i n g program) t h a t the T h i e s s e n 
a pproach s u g g e s t e d p r o v i d e s a l e s s c o n s i s t e n t and perhaps more 
s u b j e c t i v e a p p r o a c h . Unwin s u g g e s t s t h a t , 
"Many o t h e r measures c o u l d be d e v e l o p e d " (Unwin, 1981, 
4 8 ) , 
and t h i s has prompted the use of the ( p e r h a p s more 
t r a d i t i o n a l y e t u n i v e r s a l ) NNA a p p r o a c h , as opposed to the 
more s u b j e c t i v e and more v a r i e d T h i e s s e n a p p r o a c h , whose use 
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4 SURFACE CHARACTERISTICS AND ROUGHNESS 
4.1 INTRODUCTION 
" I n a g e n e r a l s e n s e , r o u g h n e s s r e f e r s t o t h e 
i r r e g u l a r i t y o f t o p o g r a p h i c ( o r o t h e r ) s u r f a c e s " ( M a r k , 
1975b, 1 6 6 ) . 
The e x a m i n a t i o n o f r o u g h n e s s o f c e r t a i n s u r f a c e s i s 
subsumed u n d e r t h e s u b j e c t o f g e o m o r p h o m e t r y , t h e s c i e n c e t h a t 
a t t e m p t s t o d e f i n e q u a n t i t a t i v e l y t h e f o r m o f t h e E a r t h ' s 
s u r f a c e . Though t h e p u r p o s e o f t h i s r e s e a r c h i s t o c o n s i d e r 
r e s u l t s i n t h e b r o a d e r c o n t e x t o f n o n - t o p o g r a p h i c s u r f a c e s , 
d e s c r i p t o r s w i l l be based upon t h e t o p o g r a p h i c ones f o r 
c o n v e n i e n c e - most o f t h e p r i n c i p l e s o f d e c r i p t i o n o f s u r f a c e 
r o u g h n e s s a r e i d e n t i c a l . Evans ( 1 9 7 2 , 18) s u b - d i v i d e s t h i s 
i n t o S p e c i f i c g e o m o r p h o m e t r y - " t h e measurement and a n a l y s i s 
o f s p e c i f i c l a n d f o r m s such as c i r q u e s , d r u m l i n s and s t r e a m 
c h a n n e l s " , and G e n e r a l g e o m o r p h o m e t r y - " t h e measurement and 
a n a l y s i s o f t h o s e c h a r a c t e r i s t i c s o f l a n d f o r m w h i c h a r e 
a p p l i c a b l e t o any c o n t i n u o u s r o u g h s u r f a c e . " The f o r m e r i s o f 
no p a r t i c u l a r c o n c e r n w i t h i n t h i s t h e s i s . I n g e n e r a l , o n l y 
r e l a t i v e g l o b a l r o u g h n e s s d e s c r i p t o r s f o r each d a t a s e t a r e 
r e q u i r e d , and t h e s e must be s i m p l e and b r i e f where p o s s i b l e , 
t h u s e x c l u d i n g many o f t h e g e o m o r p h o m e t r I c d e s c r i p t o r s w h i c h 
a r e o f t e n q u i t e c o m p l e x . However, o f t e n i n t h e n a t u r a l 
e n v i r o n m e n t , s u r f a c e s a r e n o t homogeneous b u t h e t e r o g e n e o u s i n 
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t h e i r p r o p e r t i e s j t h u s a p u r e l y g l o b a l d e s c r i p t o r i s n o t 
a d e q u a t e and some f o r m o f s u b - g l o b a l d e s c r i p t o r i s r e q u i r e d . 
Reviews o f t h e s t a t e - o f - t h e - a r t a r e p r o v i d e d by Evans 
( 1 9 7 2 ) and Mark ( 1 9 7 5 b ) j no a t t e m p t w i l l be made t o r e p e a t 
them. I n s t e a d , t h e main c o n c e p t s o f g e o m o r p h o m e t r y w i l l be 
o u t l i n e d and some o f t h e t e c h n i q u e s used t o d e r i v e t h o s e 
c o n c e p t s , w h i c h a r e used w i t h i n t h i s t h e s i s t o d e s c r i b e 
s u r f a c e c h a r a c t e r i s t i c s , w i l l be o u t l i n e d . The r e s u l t s o f 
t h e s e methods w i l l be e v a l u a t e d i n an a t t e m p t t o d i s c r i m i n a t e 
b e t w e e n s u r f a c e t y p e and d a t a s a m p l i n g m e t h o d s . 
4.2 ELEMENTS OF GEOMORPHOMETRY 
"A s i n g l e c o n c i s e d e f i n i t i o n o f s u r f a c e r o u g h n e s s i s 
i m p o s s i b l e " (Hob s o n , 1967, 1 ) , however a " r e v i e w o f t h e 
l i t e r a t u r e o f g e n e r a l g e o m o r p h o m e t r y shows t h a t a l l o f 
i t s p a r a m e t e r s may be d e f i n e d i n t e r m s o f a l t i t u d e " 
( E v a n s , 1972, 2 2 ) . 
S e v e r a l p a r a m e t e r s e x i s t , n a m e l y ; 
a. G r a i n - t h e l a r g e s t s i g n i f i c a n t w a v e l e n g t h o f t h e 
t o p o g r a p h y j 
b. T e x t u r e - t h e s h o r t e s t s i g n i f i c a n t t o p o g r a p h i c 
w a v e l e n g t h ; 
( T h e s e two p a r a m e t e r s may be used t o i n d i c a t e t h e s c a l e o f 
h o r i z o n t a l v a r i a t i o n s i n t o p o g r a p h y . ) 
c- R e l i e f - a measure o f t h e a m p l i t u d e o f t o p o g r a p h y ; 
Evans ( 1 9 7 2 ) p r o p o s e d t h a t s t a n d a r d d e v i a t i o n o f a l t i t u d e s 
SURFACE CHARACTERISTICS AND ROUGHNESS 
167 
p r o v i d e s a s t a b l e measure o f t h e v e r t i c a l v a r i a b i l i t y o f t h e 
t e r r a i n ; 
d. S l o p e - Evans ( 1 9 7 2 , 3 6) s t a t e d t h a t " s l o p e i s 
p e r h a p s t h e most i m p o r t a n t a s p e c t o f t h e s u r f a c e f o r m , 
s i n c e s u r f a c e s a r e f o r m e d c o m p l e t e l y o f s l o p e s " ; 
e. A s p e c t - t h e d i s p e r s i o n o f s l o p e o r i e n t a t i o n 
f . R e g i o n a l c o n v e x i t y - t h e d i s s e c t i o n and a e r a t i o n o f 
t o p o g r a p h y . Perhaps t h e most p o p u l a r c o e f f i c i e n t o f 
d i s s e c t i o n i s t h e H y p s o m e t r i c I n t e g r a l , f i r s t d e r i v e d by 
S t r a h l e r t o e s t i m a t e s u b - s u r f a c e v o l u m e s o f d r a i n a g e 
b a s i n s . However, skewness o f a l t i t u d e a l t e r n a t i v e l y 
p r o v i d e s a good i n d i c a t o r ( E v a n s , 1 9 7 2 ) . 
4.3 OUTLINE OF TECHNIQUES 
The t e c h n i q u e s used by g e o m o r p h o m e t r i s t s t o d e r i v e t h e 
p a r a m e t e r s o f s u r f a c e r o u g h n e s s a r e q u i t e v a r i e d , a l t h o u g h 
f o u r g e n e r a l t e c h n i q u e s may be i s o l a t e d . These a r e t h e 
g e n e r a t i o n o f a u t o c o r r e l a t i o n and c o r r e l a t i o n f u n c t i o n s } t h e 
c o m p u t a t i o n o f s u r f a c e a r e a s and d i s p e r s i o n v e c t o r s } t h e 
f i t t i n g o f p o i n t w i s e p o l y n o m i a l s and t h e e s t a b l i s h m e n t o f 
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t h e i r d e r i v a t i v e s and t h e use o f some f o r m o f s p e c t r a l 
a n a l y s i s . 
A.3.1 A u t o c o r r e l a t i o n And C o r r e l a t i o n 
Thomas a s s e r t e d t h a t 
" g e o m e t r y o f s u r f a c e p r o f i l e s can be s p e c i f i e d 
c o m p l e t e l y by two p a r a m e t e r s , t h e RMS r o u g h n e s s and t h e 
c o r r e l a t i o n l e n g t h " (Thomas, 1975, 2 0 5 ) . 
RMS r o u g h n e s s i s s i m p l y t h e s t a n d a r d d e v i a t i o n o f t h e 
h e i g h t f r e q u e n c y d i s t r i b u t i o n . A l t e r n a t i v e l y , a u t o c o r r e l a t i o n 
g i v e s a measure o f t h e g r a i n and t e x t u r e o f t h e s u r f a c e . The 
c o n c e p t o f c o r r e l a t i o n l e n g t h i s based upon t h e e x t e n t o f 
n e a r - m o n o t o n i c d e c l i n e o f a u t o c o r r e l a t i o n w i t h i n c r e a s i n g l a g . 
A u t o c o r r e l a t i o n i n v o l v e s c o r r e l a t i n g one v a r i a b l e ( s a y u ) 
w i t h i t s e l f , as opposed t o c o r r e l a t i o n where two v a r i a b l e s ( u 
and v ) a r e c o r r e l a t e d w i t h each o t h e r . The v a r i a b l e may be 
one- o r t w o - d i m e n s i o n a l and t h e r e s u l t a n t p l o t o f t h i s 
a u t o c o r r e l a t i o n f u n c t i o n i s known as a c o r r e l o g r a m . The 
a u t o c o r r e l a t i o n ' r ' b e t w e e n u and i t s e l f i s a measure w i t h t h e 
f o l l o w i n g g e n e r a l p r o p e r t i e s : 
a. - l ^ r ^ l ; 
b. r i s p o s i t i v e i f t h e v a l u e s o f u b e i n g c o r r e l a t e d a r e 
a s s o c i a t e d p o s i t i v e l y , and n e g a t i v e i f t h e y a r e a s s o c i a t e d 
i n v e r s e l y ; 
c. The a b s o l u t e v a l u e o f r i s 0 i f t h e v a l u e s b e i n g 
SURFACE CHARACTERISTICS AND ROUGHNESS 
169 
c o r r e l a t e d a r e n o t a s s o c i a t e d ( u n c o r r e l a t e d ) , 1 i f t h e y a r e 
p e r f e c t l y a s s o c i a t e d ^ and b e t w e e n 0 and 1 f o r I n t e r m e d i a t e 
c a s e s . 
Th e r e a r e s e v e r a l c o m p e t i n g d e f i n i t i o n s used t o d e f i n e when 
t h e a u t o c o r r e l a t i o n f u n c t i o n has d e c l i n e d t o an i n s i g n i f i c a n t 
l e v e l - W h i t e h o u s e and A r c h a r d ( 1 9 7 0 ) use 1/e o f t h e i n i t i a l 
v a l u e ( + 1 . 0 ) as t h e l i m i t . Thomas ( 1 9 7 5 ) uses 1/10 o f t h e 
i n i t i a l v a l u e . D r e w r y ( 1 9 7 5 ) d e f i n e s t h e l i m i t a t a g i v e n 
c o n f i d e n c e l e v e l - u s u a l l y 95%. 
The a c t u a l a u t o c o r r e l a t i o n f u n c t i o n i s g e n e r a l l y based on 
t h e P e a r s o n i a n p r o d u c t - m o m e n t c o r r e l a t i o n c o e f f i c i e n t w h i c h 
may be d e v e l o p e d t o d e r i v e many f o r m s o f t h e a u t o c o r r e l a t i o n 
d e s c r i p t o r . For e x a m p l e , H e n l e y ( 1 9 7 6 ) d e r i v e d a r e a l 
a u t o c o r r e l a t i o n c o e f f i c i e n t s f r o m I r r e g u l a r l y s p a c e d d a t a -
A d d i t i o n a l l y McDonald and K a t z ( 1 9 6 9 ) d e r i v e d a p o l a r 
a u t o c o r r e l a t i o n f u n c t i o n i n d e s c r i b i n g t h e ocean f l o o r . O t h e r 
u s e r s o f a u t o c o r r e l a t i o n f u n t i o n s i n c l u d e Beckman and 
S p i z z i c h i n o ( 1 9 6 3 ) and S w i t z e r ^ Mohr and H e i t m a n ( 1 9 6 4 ) . 
The a u t o c o r r e l a t i o n measure p r o v i d e s a d e s c r i p t o r w h i c h I s 
f l e x i b l e enough t o a p p l y t o b o t h random and g r i d d e d d a t a . 
A r e a l a u t o c o r r e l a t i o n f u n c t i o n s , and t h e r e s u l t a n t 
c o r r e l o g r a m s , were t h u s e x a m i n e d f o r a l l t h e p o i n t d a t a s e t s 
and t w o - d i m e n s i o n a l c o r r e l o g r a m s were e x a m i n e d f o r g r i d d e d 
d a t a as p o s s i b l e r o u g h n e s s d e s c r i p t o r s . 
4.3.2 S u r f a c e A r e a And D i s p e r s i o n V e c t o r s 
The c o m p u t a t i o n o f a s u r f a c e a r e a d e s c r i p t o r i s based on 
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t h e h y p o t h e s i s t h a t s u r f a c e a r e a i n c r e a s e s w i t h s u r f a c e 
i r r e g u l a r i t y . Thus, t h e s u r f a c e a r e a d e s c r i p t o r i s a measure 
o f s l o p e v a r i a t i o n a c r o s s t h e s u r f a c e . The w o r k o f Hobson 
( 1 9 6 7 and 1972) has p e r h a p s g e n e r a t e d most i n t e r e s t i n t h i s 
f o r m o f d e s c r i p t o r , a l t h o u g h T u r n e r and M i l e s ( 1 9 6 8 ) and 
Hammond ( 1 9 5 8 ) a l s o c o n s i d e r e d t h i s t e c h n i q u e . 
Hobson d e r i v e d t h r e e p a r a m e t e r s o f t e r r a i n r o u g h n e s s , 
a. an e s t i m a t e o f a c t u a l s u r f a c e a r e a compared w i t h t h e 
c o r r e s p o n d i n g p l a n a r a r e a s ; 
b. an e s t i m a t e o f t h e 'bump' o r e l e v a t i o n f r e q u e n c y 
d i s t r i b u t i o n ; 
c. a c o m p a r i s o n o f t h e d i s t r i b u t i o n and o r i e n t a t i o n o f 
a p p r o x i m a t e d l i n e a r s u r f a c e s . 
The f i r s t two e s t i m a t o r s a r e d e r i v e d f r o m a r e g u l a r g r i d o f 
h e i g h t s . The l a s t e s t i m a t o r i s d e r i v e d f r o m i r r e g u l a r d a t a 
w h i c h a r e i n t u r n t r i a n g u l a t e d . 
S u r f a c e a r e a p a r a m e t e r s may be d e r i v e d by d i v i d i n g t h e d a t a 
a r e a i n t o c e l l s , and c o m p a r i n g t h e s u r f a c e a r e a o f each c e l l 
w i t h i t s p l a n a r a r e a . T h i s p a r a m e t e r may he e q u a l l y 
s u c c e s s f u l l y d e r i v e d f o r b o t h p o i n t - b a s e d and g r i d d e d d a t a 
s a m p l e s . S i n c e t h e s u r f a c e a r e a o f each c e l l may n e v e r be l e s s 
t h a n t h e a r e a o f t h e p l a n a r c e l l } t h e minimum v a l u e o f t h e 
d e s c r i p t o r must a l w a y s be 1.0 (when t h e c e l l i s f l a t ) . The 
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d e s c r i p t o r i n c r e a s e s w i t h c e l l s t e e p n e s s . On e x a m i n i n g t h e 
d i s t r i b u t i o n o f t h e d e s c r i p t o r s o v e r t h e d a t a a r e a , t h e f o u r 
moment-based s t a t i s t i c s (mean, s t a n d a r d d e v i a t i o n , skewness 
and k u r t o s i s ) may be d e r i v e d t o e n a b l e a c o n s i d e r a t i o n o f t h e 
i r r e g u l a r i t i e s o f t h e d a t a s u r f a c e . 
The f o u r s u r f a c e a r e a s t a t i s t i c s may be used t o d e s c r i b e 
f o u r d i f f e r e n t c o n c e p t s . The mean i s a measure o f t h e a v e r a g e 
s t e e p n e s s o f t h e t e r r a i n , t h u s i d e n t i c a l v a l u e s o f t h e mean 
c o u l d i n d i c a t e t h a t t h e s u r f a c e c o u l d be on a c o n s t a n t l i n e a r 
s l o p e , o r p o s s i b l y r a n g e f r o m v e r y f l a t t o v e r y s t e e p . 
S t a n d a r d d e v i a t i o n i s t h e r e f o r e used as a measure o f t h e 
d i s p e r s i o n o f t h e s u r f a c e a r e a . A l o w v a l u e s u g g e s t s s l o p e 
h o m o g e n e i t y , w h i l e a h i g h e r v a l u e s u g g e s t s a more v a r i e d 
s u r f a c e . F i n a l l y , skewness and k u r t o s i s may be used t o g i v e 
more i n f o r m a t i o n on t h e shape o f t h e d i s t r i b u t i o n . Skewness 
d e s c r i b e s t h e amount o f symmetry o r asymmmetry o f t h e 
d i s t r i b u t i o n , t o g e t h e r w i t h t h e d i r e c t i o n o f any a s y m m e t r y . 
K u r t o s i s d e s c r i b e s t h e ' p e a k e d n e s s ' o f t h e d i s t r i b u t i o n and 
t h u s t h e e v e n - n e s s o f t h e d i s t r i b u t i o n . I t s use i s s i m i l a r t o 
s t a n d a r d d e v i a t i o n i n t h a t i n p r i n c i p l e i t h e l p s t o d e s c r i b e 
t h e h o m o g e n e i t y o f t h e d i s t r i b u t i o n . To compare t h e d e g r e e o f 
d e v i a t i o n f r o m a n o r m a l d i s t r i b u t i o n , skewness i s w i t h o u t 
d o u b t t h e most i m p o r t a n t s i n g l e s t a t i s t i c , f o l l o w e d by 
k u r t o s i s ( E v a n s , 1 9 7 9 ) . 
By t h e v e r y n a t u r e o f t h e i n d i v i d u a l c e l l s u r f a c e a r e a 
d e s c r i p t o r , t h e f r e q u e n c y d i s t r i b u t i o n i s t r u n c a t e d a t 1.0. 
A d d i t i o n a l l y , a f t e r p r e l i m i n a r y e x a m i n a t i o n , i t was a l w a y s 
f o u n d t o be s t r o n g l y p o s i t i v e l y skewed. T h e r e was t h e r e f o r e a 
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p o s s i b l e d a n g e r t h a t t h e power o f t h e s t a t i s t i c s c o u l d be 
d i m i n i s h e d . I t has been e s t a b l i s h e d i n s i m i l a r w o r k t h a t 
n o n - z e r o skewness p r o d u c e s a b i a s t o p o s i t i v e k u r t o s i s and 
t h a t t h e y a r e p o s i t i v e l y c o r r e l a t e d ( E v a n s , 1979, 4 7 ) . 
A d d i t i o n a l l y , i n a skewed d i s t r i b u t i o n , t h e mean i s n o t so 
t y p i c a l o f t h e d i s t r i b u t i o n as t h e m e d i a n o r , more 
i m p o r t a n t l y , t h e mode. There a r e v a r i o u s p o s s i b i l i t i e s f o r 
o v e r - c o m i n g such l i m i t a t i o n s . Evans s u g g e s t s t h a t 
q u a n t i l e - b a s e d r a t h e r t h a n moment-based s t a t i s t i c s a r e w o r t h 
i n v e s t i g a t i n g as d e s c r i p t o r s . A l t e r n a t i v e l y , a t r a n s f o r m a t i o n 
o f t h e d i s t r i b u t i o n v a l u e s may g i v e a d e q u a t e r e s u l t s , r e d u c i n g 
t h e skewness and t h e r e f o r e t h e e f f e c t on t h e mean and 
k u r t o s i s . These a s p e c t s were c o n s i d e r e d i m p o r t a n t enough t o 
m e r i t f u r t h e r i n v e s t i g a t i o n . Median and q u a n t i l e - a s s o c i a t e d 
s t a t i s t i c s were a l s o e s t a b l i s h e d , and t h e e f f e c t o f v a r i o u s 
t r a n s f o r m a t i o n s on t h e f r e q u e n c y d i s t r i b u t i o n i n v e s t i g a t e d . 
These w i l l be d i s c u s s e d l a t e r . 
As an a l t e r n a t i v e t o t h e s u r f a c e a r e a a p p r o a c h , d i s p e r s i o n 
v e c t o r s may be g e n e r a t e d by s i m i l a r l y s u b - d i v i d i n g t h e s u r f a c e 
i n t o l i n e a r s u r f a c e c e l l s - u s u a l l y t r i a n g l e s . N o r m a l s t o 
t h e s e l i n e a r s u r f a c e s a r e r e p r e s e n t e d by u n i t v e c t o r s . Thus 
mean v e c t o r o r i e n t a t i o n , v e c t o r s t r e n g t h and v e c t o r d i s p e r s i o n 
may be computed u s i n g methods d e f i n e d by F i s h e r ( 1 9 5 3 ) and 
d e s c r i b e d by Watson ( 1 9 5 7 ) . The t o t a l v e c t o r s t r e n g t h ( R l ) i s 
o b t a i n e d by u s i n g d i r e c t i o n c o s i n e s and i n d i c a t e s t h e l e n g t h 
o f t h e r e s u l t a n t sum o f t h e u n i t v e c t o r s . For t h e p u r p o s e s o f 
m a t r i x c o m p a r i s o n ^ t h i s must be s t a n d a r d i s e d , p r o d u c i n g t h e 
s t a n d a r d i s e d v e c t o r s t r e n g t h ( R ) , w h i c h r a n g e s f r o m 0 (no 
p r e f e r r e d o r i e n t a t i o n ) t o 1 ( i d e n t i c a l o r i e n t a t i o n ) . F i s h e r ' s 
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d i s p e r s i o n f a c t o r ( K ) i n d i c a t e s t h e v a r i a b i l i t y o r s p r e a d o f 
t h e u n i t v e c t o r s , and assumes l o w v a l u e s f o r h i g h l y d i s p e r s e d 
d i s t r i b u t i o n s and e x t r e m e l y h i g h v a l u e s f o r l o w d i s p e r s i o n s . 
O v e r a l l , ' s m o o t h ' a r e a s a r e c h a r a c t e r i s e d by h i g h v e c t o r 
s t r e n g t h s and low d i s p e r s i o n s ( h i g h K v a l u e s ) and t h u s f l a t 
and t i l t e d s u r f a c e s a r e n o t d i s c r i m i n a t e d . A l t e r n a t i v e l y ; 
' r o u g h ' a r e a s g e n e r a t e l o w v e c t o r s t r e n g t h s and h i g h v e c t o r 
d i s p e r s i o n ( l o w K v a l u e s ) . 
T u r n e r and M i l e s ( 1 9 6 8 ) a l s o computed a t e r r a i n v a r i a b i l i t y 
measure ' V t o e n a b l e an a b s o l u t e r o u g h n e s s c o m p a r i s o n b e t w e e n 
a r e a s u s i n g t h e f o r m u l a , 
V = ( r a n g e o f e l e v a t i o n ) / l o g ( K ) . 
S i n c e v a l u e s o f K c a n r a n g e f r o m 1 t o e x t r e m e l y l a r g e numbers, 
t h e v a r i a b i l i t y f a c t o r can r a n g e f r o m 0, f o r c o m p l e t e l y f l a t 
s u r f a c e s , t o a t l e a s t t h e r a n g e i n e l e v a t i o n s f o r e x t r e m e l y 
r o u g h a r e a s . Some o f t h e r e s u l t s p u b l i s h e d by T u r n e r and M i l e s 
a r e p r e s e n t e d i n T a b l e 4.1 i n t h e i r m e t r i c e q u i v a l e n t . 
D i s p e r s i o n v e c t o r a n a l y s i s s u f f e r s f r o m a s i m i l a r 
s t a t i s t i c a l p r o b l e m t o s u r f a c e a r e a a n a l y s i s i n t h a t t h e 
r e s u l t a n t f r e q u e n c y d i s t r i b u t i o n s a r e i n h e r e n t l y skewed. 
U n l i k e s u r f a c e a r e a a n a l y s i s , h o w e v e r , t h e v e c t o r d i s p e r s i o n 
d i s t r i b u t i o n was c o n s i s t e n t l y , m o d e s t l y , n e g a t i v e l y skewed. 
S i m i l a r t e c h n i q u e s - t r a n s f o r m a t i o n s , m e d i a n s , and 
q u a n t i l e - b a s e d s t a t i s t i c s - were c o n s i d e r e d i n o r d e r t o 
i m p r o v e t h e r e s u l t a n t s t a t i s t i c s . However, i t was n o t f e l t 
t h a t t h e y were so a p p r o p r i a t e i n t h e c o n t e x t o f v e c t o r 
a n a l y s i s , s i n c e i t p r o d u c e s a b s o l u t e m e a s u r e s . 
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TERRAIN TYPE ELEVATION 
RANGE (m ) 
ROUGHNESS 
( K ) 
V A RIABILITY 
V (m> 
ESCARPMENT 96 85 49.8 
ESCARPMENT 85 82 44. 4 
HILLS 104 397 39. 9 
HILLS 84 220 36.0 
HILLS 65 158 29.4 
DRUMLINS 56 222 23.8 
KARST PLAIN 51 723 17.7 
KARST PLAIN 52 1329 16.6 
PLATEAU 25 1759 7.6 
MORAINE & DUNES 16 2892 4.7 
GROUND MORAINE 18 24664 4. 2 
OUTWASH PLAIN 9 18024 2.0 
GROUND MORAINE 8 30044 1.8 
T a b l e 4.1 V a r i a b i l i t y a s s o c i a t e d w i t h p a r t i c u l a r t e r r a i n 
t y p e s ( a f t e r T u r n e r and M i l e s , 1 9 6 8 ) . 
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I t was f e l t t h a t an e s t i m a t o r based on s u r f a c e a r e a was e a s i l y 
c o m p r e h e n s i b l e and r e s u l t e d i n a s i m p l e d e s c r i p t o r o f s u r f a c e 
s l o p e . S i m i l a r l y , some measure o f t h e d i r e c t i o n a l d i s t r i b u t i o n 
o f s l o p e o r a s p e c t o v e r t h e w h o l e s u r f a c e c o u l d be d e r i v e d by 
e x a m i n i n g t h e d i s t r i b u t i o n and o r i e n t a t i o n o f a p p r o x i m a t e d 
p l a n a r s u r f a c e s . These t e c h n i q u e s were t h e r e f o r e i n v e s t i g a t e d 
f u r t h e r . 
4.3.3 P o i n t w i s e P o l y n o m i a l s 
More r e c e n t l y , Evans ( 1 9 7 9 ) has e s t a b l i s h e d an ' I n t e g r a t e d 
s y s t e m o f t e r r a i n a n a l y s i s ' t o g e n e r a t e a c o m p r e h e n s i v e 
e v a l u a t i o n o f a l l t h e p a r a m e t e r s o f g e o m o r p h o m e t r y . The b a s i s 
o f t h i s t e c h n i q u e i s t h e i n i t i a l d e t e r m i n a t i o n , f r o m a r e g u l a r 
DEM g r i d , o f a s e r i e s o f p o i n t w i s e q u a d r a t i c p o l y n o m i a l s 
c e n t r e d on each o f t h e i n t e r n a l g r i d nodes ( a l t i t u d e s ) and 
c o v e r i n g a 3x3 node s u b - g r i d . The f i r s t d e r i v a t i v e o f t h e s e 
p o l y n o m i a l s i s used t o g e n e r a t e a s p e c t and g r a d i e n t d i r e c t l y 
and t h e second d e r i v a t i v e t o d e r i v e p l a n and p r o f i l e 
c o n v e x i t i e s . Means, s t a n d a r d d e v i a t i o n s , skewness and k u r t o s i s 
a r e s u b s e q u e n t l y d e r i v e d f o r t h e f i v e v a r i a b l e s ( a l t i t u d e , 
g r a d i e n t , a s p e c t , p l a n and p r o f i l e c o n v e x i t y ) and a r e 
d i s p l a y e d w i t h t h e a i d o f s c a t t e r g r a m s . h i s t o g r a m s and l i n e 
p l o t s . 
As w i t h s u r f a c e a r e a a n a l y s i s , t h i s t e c h n i q u e may p r o d u c e 
c o n s i s t e n t l y skewed d i s t r i b u t i o n s w i t h an a d v e r s e e f f e c t on 
t h e r e s u l t a n t s t a t i s t i c s . Evans ( 1 9 7 9 ) , w h i l e a v o i d i n g t h e use 
o f q u a n t i l e - b a s e d s t a t i s t i c s , has u n d e r t a k e n c o n s i d e r a b l e 
s t u d y c o n c e r n i n g t h e e f f e c t on t h e s t a t i s t i c s o f u t i l i s i n g 
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v a r i o u s t r a n s f o r m a t i o n s . For a l t i t u d e and g r a d i e n t s t a t i s t i c s , 
he c o n c l u d e d t h a t , 
" even w i t h i n one t y p e o f d a t a , d i f f e r e n t 
t r a n s f o r m a t i o n s were r e q u i r e d i n d i f f e r e n t a r e a s " ( E v a n s , 
1979, 4 0 ) . 
Such t r a n s f o r m a t i o n o f a s p e c t d i s t r i b u t i o n s i s n o t 
a p p l i c a b l e , s i n c e moment-based d e s c r i p t o r s a r e n o t a p p r o p r i a t e 
f o r c i r c u l a r - s c a l e m e a s u r e m e n t s . As r e g a r d s c o n v e x i t y , Evans 
c o n s i d e r e d i t d i s a d v a n t a g e o u s t o a p p l y q u a n t i l e - b a s e d 
s t a t i s t i c s , s i n c e t h e y m i g h t h i d e i n t e r e s t i n g d i f f e r e n c e s i n 
t h e e x t r e m e t a i l s . I n t h i s r e s p e c t , t h e n o n - t r a n s f o r m n e d 
moment-based s t a t i s t i c s a r e g e n e r a l l y s a t i s f a c t o r y as l o n g as 
t h e s k e w n e s s / k u r t o s i s b i a s i s a p p r e c i a t e d * 
T h i s m e t h o d , i n i t s p r e s e n t i m p l e m e n t a t i o n , depends on t h e 
e x i s t e n c e o f a r e g u l a r g r i d o f h e i g h t s . Thus i t s d i r e c t 
a p p l i c a t i o n i s v e r y much l i m i t e d w i t h i n t h i s t h e s i s . However, 
i t s use r a i s e s a p r o b l e m o f some i m p o r t a n c e - do i n t e r p o l a t e d 
g r i d s p r o d u c e s i m i l a r v a l u e s t o t h o s e f r o m d i r e c t l y o b s e r v e d 
d a t a ? E v a n s ' i n t e g r a t e d s y s t e m o f t e r r a i n a n a l y s i s was t h u s 
u t i l i s e d t o a n a l y s e i n t e r p o l a t e d and o b s e r v e d g r i d s . 
4.3.4 S p e c t r a l A n a l y s i s 
S p e c t r a l a n a l y s i s i s p e r h a p s t h e most e s t a b l i s h e d 
t e c h n i q u e , i n v o l v i n g t h e f i t t i n g o f a F o u r i e r s e r i e s ( s e e 
2.4.1.2.2.4) t o t h e d a t a t o e s t a b l i s h t h e t e x t u r e and g r a i n o f 
t h e d a t a s u r f a c e . Rozema ( 1 9 6 9 ) d e r i v e d a Power S p e c t r a l 
D e n s i t y f u n c t i o n (PSD) t o d e s c r i b e l u n a r s u r f a c e r o u g h n e s s , 
s i m i l a r l y Rayner and McCalden ( 1 9 7 2 ) , Evans and B a i n (1974a 
and 1 974b) and A y e n i ( 1 9 7 6 ) u t i l i s e d t h e method f o r t e r r a i n 
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a n l y s i s . I n p a r t i c u l a r , A y e n i computed a c o m b i n a t i o n o f a 
l i n e a r f i l t e r and a d o u b l e F o u r i e r f u n c t i o n and hence 
g e n e r a t e d t h e 'Harmonic V e c t o r M a g n i t u d e ' (HVM). The HVM i s 
d e f i n e d as t h e s q u a r e r o o t o f t h e sums o f t h e s q u a r e s o f t h e 
c o e f f i c i e n t s . 
Some c r i t i c i s m o f t h e use o f S p e c t r a l A n a l y s i s has been 
made. Evans has c l a i m e d t h a t 
" s u c h a ( s p e c t r a l a n a l y t i c ) m odel i s n a t u r a l f o r many 
t i m e s e r i e s g e n e r a t e d by s u p e r - i m p o s e d p e r i o d i c p r o c e s s e s 
( e s p e c i a l l y i n e l e c t r i c a l e n g i n e e r i n g ) and f o r t h e s t u d y 
o f o cean waves, b u t t h e r e i s no p r o c e s s j u s t i f i c a t i o n f o r 
i t s a p p l i c a t i o n t o a r b i t r a r y t e r r a i n p r o f i l e s " ( E v a n s , 
1979, 9 0 ) . 
A d d i t i o n a l l y , Evans has a r g u e d t h a t 
" t h e same i n f o r m a t i o n i s i m p l i c i t i n mean g r a d i e n t and 
v e r t i c a l d i m e n s i o n " ( E v a n s , 1979, 9 6 ) . 
S p e c t r a l a n a l y s i s i n i t s b a s i c f o r m was t h e r e f o r e n o t 
e v a l u a t e d . However ; a c l o s e l y r e l a t e d t e c h n i q u e , s c a l e 
v a r i a n c e , was c o n s i d e r e d i n more d e p t h . 
4.3.5 S c a l e - V a r i a n c e 
The e s t i m a t o r s have so f a r been c o n c e r n e d w i t h g l o b a l 
m e a s u r e s , w h i c h i n h e r e n t l y r e s u l t i n f i l t e r i n g . S u r f a c e s a r e 
g e n e r a l l y h e t e r o g e n e o u s and n o t homogeneous and t h u s some f o r m 
o f s u b - g l o b a l measure i s e q u a l l y n e c e s s a r y . I n d e e d a 
s u b - g l o b a l measure w o u l d p e r h a p s remove some o f t h e c o n c e r n 
t h a t Hobson and o t h e r w o r k e r s have shown o v e r t h e 
s i n g l e - p a r a m e t e r s u r f a c e d e s c r i p t i o n . 
V a r i a b i l i t y a t d i f f e r e n t s c a l e s , and t h u s t h e h e t e r o g e n e o u s 
n a t u r e o f t e r r a i n , may be s t u d i e d u s i n g n e s t e d a n a l y s e s o f 
v a r i a n c e ( M o e l l e r i n g and T o b l e r , 1 9 7 2 ) . These r e s u l t i n t h e 
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e s t a b l i s h m e n t o f a g r a i n / t e x t u r e d e s c r i p t o r . The M o e l l e r i n g 
and T o b l e r t e c h n i q u e i s an i t e r a t i v e p r o c e d u r e i n v o l v i n g t h e 
use o f a n a l y s i s o f v a r i a n c e t e c h n i q u e s t o examine s c a l e 
e f f e c t s i n d a t a s t r u c t u r e s . The i m p l e m e n t a t i o n i s r e s t r i c t e d 
t o a r e g u l a r g r i d d e d d i s t r i b u t i o n , s i n c e i r r e g u l a r 
d i s t r i b u t i o n s w o u l d r e q u i r e some a p r i o r i r e g i o n a l i s a t i o n t o 
t a k e p l a c e , w i t h a s c a l e - v a r i a b l e l o s s o f d a t a a t t h e m a r g i n s 
o f t h e a r e a . 
The p r a c t i c a l i m p l e m e n t a t i o n o f t h i s t e c h n i q u e i s d i s c u s s e d 
i n more d e t a i l i n A l . 4 . 2 0 . I n b r i e f , a t each l e v e l t h e sum o f 
s q u a r e s o f t h e l o c a l d e v i a t i o n s f r o m t h e mean i s computed 
an d , u s i n g t h e d e g r e e s o f f r e e d o m , t h e mean s q u a r e and t h u s 
t h e s c a l e v a r i a n c e component i s e s t a b l i s h e d . T h i s component 
g i v e s a m e a s u r e , when compared w i t h t h e o t h e r c o m p o n e n t s , o f 
t h e m a g n i t u d e o f v a r i a n c e a t r e s p e c t i v e l e v e l s and t h u s a 
measure o f t h e h e t e r o g e n e i t y o f t h e s u r f a c e . I f t h e 
s c a l e - v a r i a n c e component i s s i m i l a r a t each l e v e l , o r s l i g h t l y 
d e c r e a s i n g , t h e n a r e l a t i v e l y homogeneous s u r f a c e e x i s t s . I f 
i t v a r i e s i r r e g u l a r l y , t h e n a more h e t e r o g e n e o u s s u r f a c e 
e x i s t s . 
The s c a l e - v a r i a n c e component was c o n s i d e r e d t o be e s s e n t i a l 
t o g i v e a measure o f t h e h e t e r o g e n e i t y o f t h e s u r f a c e s , 
a l t h o u g h i t s i m p l e m e n t a t i o n i s l i m i t e d t o r e g u l a r g r i d d e d 
i n p u t . 
A.3.6 C o n e l u s i o n 
W h i l e t h e r e a r e f i v e t y p e s o f s u r f a c e d e s c r i p t o r a v a i l a b l e , 
n o t a l l d e s c r i p t o r s a r e s a t i s f a c t o r y o r a r e s u i t a b l e f o r use 
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w i t h a l l o f t h e d a t a s e t s t h a t were used b o t h w i t h i n t h i s 
t h e s i s and I n t h e ' r e a l w o r l d ' . The i d e a l d e s c r i p t o r must be 
c a p a b l e o f b e i n g e v a l u a t e d b o t h f r o m r e g u l a r g r i d d e d and a l s o 
random p o i n t d a t a . Where t h e d e s c r i p t o r may o n l y be g e n e r a t e d 
f r o m a g r i d , t h e e f f e c t s e n g e n d e r e d by u s i n g an i n t e r p o l a t e d 
g r i d must be c o m p r e h e n s i v e l y a s s e s s e d . Where b o t h g r i d and 
p o i n t d a t a may be u s e d , some f o r m o f c o m p a r i s o n must be 
p o s s i b l e o f t h e i r r e l a t i v e p e r f o r m a n c e s . 
4.4 EVALUATION OF DESCRIPTORS 
I n e v a l u a t i n g t h e d e s c r i p t o r s , s e v e r a l p e r t i n e n t p o i n t s 
must be e x a m i n e d , n a m e l y : 
a. t h e a b i l i t y o f t h e d e s c r i p t o r t o d i s t i n g u i s h u n i q u e l y 
t h e t h r e e d a t a s u r f a c e s ; 
b. t h e a b i l i t y o f t h e d e s c r i p t o r t o d i s t i n g u i s h b e t w e e n 
t h e d a t a s e t s o f t h e d i f f e r e n t s a m p l i n g methods - r i v e r s , 
c o n t o u r s , g r i d s , s c a t t e r e d , b r e a k l i nes - b o t h w i t h i n each 
s u r f a c e b u t a l s o a c r o s s t h e s u r f a c e s ; 
c. t h e a b i l i t y o f ' r e g u l a r g r i d ' d e s c r i p t o r s t o r e a c t 
s i m i l a r l y t o o b s e r v e d and t o i n t e r p o l a t e d g r i d s . F or t h i s 
p u r p o s e , g r i d s were i n t e r p o l a t e d u s i n g raultiquadric 
a n a l y s i s , t h e method t h a t gave t h e most c o n s i s t e n t l y 
a c c u r a t e r e s u l t s f o r r a n d o m - t o - g r I d I n t e r p o l a t i o n ; 
SURFACE CHARACTERISTICS AND ROUGHNESS 
180 
d. t h e c o n s i s t e n c y o f t h e d e s c r i p t o r s and t h e i r 
r e p r e s e n t a t i o n ' , 
e. t h e q u a l i t y o f t h e s t a t i s t i c a l l y - b a s e d r e s u l t s , 
p a r t i c u l a r l y w i t h r e l a t i o n t o s u r f a c e a r e a a n a l y s i s . 
4.4.1 A r e a l A u t o c o r r e l a t i o n F u n c t i o n s 
The a r e a l a u t o c o r r e l a t i o n f u n c t i o n s were e v a l u a t e d u s i n g 
t h e p r o g r a m 'AUFN' ( A l . 4 . 1 ) w h i c h c a l l s t h e s u b r o u t i n e 'ARAUT' 
as d e f i n e d by H e n l e y ( 1 9 7 6 ) . The p r o g r a m may compute MORAN o r 
GEARY c o e f f i c i e n t s as o u t l i n e d by C l i f f and Ord ( 1 9 7 3 ) 
a l t h o u g h f o l l o w i n g t e s t s ? i t was o b s e r v e d t h a t t h e shape o f 
t h e r e s u l t a n t c o r r e l o g r a m s were i d e n t i c a l . Thus o n l y t h e MORAN 
f u n c t i o n was exa m i n e d i n r e l a t i o n t o t h e v a r i o u s d a t a s e t s . 
I n c o m p a r i n g c o r r e l o g r a m s , f i v e f e a t u r e s a p p e a r t o be 
p e r t i n e n t , n a mely 
a. t h e i n i t i a l s l o p e o f t h e c u r v e ; 
b. t h e e x i s t e n c e and l o c a t i o n o f a m a j o r s h o u l d e r on t h e 
c u r v e ; 
c. t h e s u b s e q u e n t s l o p e o f t h e c u r v e and t h e e x i s t e n c e 
o f any s u b s i d i a r y s h o u l d e r s -
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d. t h e l o c a t i o n o f t h e i n t e r s e c t i o n o f t h e c o r r e l o g r a m 
and t h e n u l l c o r r e l a t i o n a x i s * . 
e- t h e l o c a t i o n on t h e c o r r e l o g r a m when 50% o f t h e 
v a r i a n c e i s a c c o u n t e d f o r , i . e . t h e c o r r e l a t i o n i s 0.707. 
4.4.1.1 I n t e r - a r e a C o m p a r i s o n s 
E x a m i n i n g t h e r e s u l t s f o r t h e t h r e e s u r f a c e s i n g e n e r a l 
( F i g u r e s 4.1 4.2, 4.3 and w i t h r e f e r e n c e t o F i g u r e 3 . 3 ) , 
t h e r e e x i s t s l i t t l e d i f f e r e n c e b e t w e e n t h e LIAN and INCH d a t a 
s e t s o v e r t h e f i r s t 150m. T h i s i s n o t s u r p r i s i n g s i n c e b o t h 
a r e a s a r e composed o f m a c r o - t o p o g r a p h i c f e a t u r e s . I n c o n t r a s t , 
t h e m i c r o - r e l i e f sand dunes o f FORV c o n t a i n much s h a r p e r , more 
i r r e g u l a r s u r f a c e c h a n g e s , t h u s r e s u l t i n g i n a much more 
sudden d e c a y , a p p r o x i m a t e l y t h r e e t i m e s t h e c u r v e g r a d i e n t o f 
INCH and L I A N . 
S i m i l a r l y , FORV d i f f e r s i n i t s l a c k o f s h o u l d e r i n t h e 
c o r r e l o g r a m . I n a l l t h e LIAN d a t a s e t s , a marked s h o u l d e r 
o c c u r s a t a p p r o x i m a t e l y 150m, due t o t h e d i m e n s i o n s o f t h e 
f l a t r i v e r b a s i n i n t h e S o u t h o f t h e a r e a and, s i n c e t h e h i l l 
s l o p e r i s e s v e r y g e n t l y f r o m t h i s b a s i n , d a t a p o i n t s 
( e s p e c i a l l y i n t h e East-West d i r e c t i o n ) a r e l i a b l e t o be 
h i g h l y c o r r e l a t e d . The c o m b i n a t i o n o f t h e s e two f e a t u r e s has 
th e e f f e c t o f h i g h i n i t i a l c o r r e l a t i o n , f o l l o w e d by a more 
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r a p i d d e c a y , s i n c e a t t h e l o n g e r d i s t a n c e b a s i n p o i n t s a r e 
c o r r e l a t e d w i t h h i l l - s l o p e p o i n t s . The INCH d a t a s e t s have a 
p o o r l y d e f i n e d s h o u l d e r o c c u r r i n g a t a p p r o x i m a t e l y 225m. Due 
t o I t s p o o r d e f i n i t i o n , t h i s i s more d i f f i c u l t t o e x p l a i n . The 
INCH a r e a i s more d i s s e c t e d t h a n t h e o t h e r d a t a s e t s i n t o 
w e l l - d e f i n e d u n i t s e.g. r i v e r b a s i n , r i v e r v a l l e y ^ s c a r p s l o p e 
and o t h e r g e n t l y u n d u l a t i n g h i l l s l o p e s . Each has a w e l l 
d e f i n e d b o u n d a r y , t h u s c r e a t i n g h i g h e r c o r r e l a t i o n s w i t h i n t h e 
b o u n d a r y and marked decay a c r o s s t h e b o u n d a r i e s . 
FORV i s a l s o s i g n i f i c a n t l y d i f f e r e n t i n t h a t i t s 
c o r r e l o g r a m shows a marked s u b s i d i a r y s h o u l d e r a t t h e 225-300m 
l e v e l . C o n s i d e r a t i o n o f F i g u r e 3.3b shows t h a t t h i s i s 
a p p r o x i m a t e l y t h e t o p o g r a p h i c w a v e l e n g t h i n t h e E a s t - W e s t 
d i s t a n c e , t h e r i d g e s and d e p r e s s i o n s b e i n g a p p r o x i m a t e l y 200m 
a p a r t . L IAN and INCH have a smooth m o n o t o n i c d e c l i n e i n t h e 
l o w e r p a r t o f t h e i r c o r r e l o g r a m s , w i t h o n l y m i n o r d e f l e c t i o n s 
o f l i t t l e i m p o r t a n c e . 
P erhaps t h e most n o t i c e a b l e d i f f e r e n c e b e t w e e n t h e 
c o r r e l o g r a m s i s where t h e c u r v e c r o s s e s t h e ' x ' - a x i s . The 
p o i n t a t w h i c h n u l l c o r r e l a t i o n e x i s t s I s d r a m a t i c a l l y 
d i f f e r e n t f o r t h e t h r e e s u r f a c e s . FORV and LI A N a r e most 
s i m i l a r . t h e s h o u l d e r o c c u r r i n g a r o u n d 340m (FORV) and 450m 
( L I A N ) j I n t h e INCH d a t a s e t . i t o c c u r s a t a p p r o x i m a t e l y 700m. 
W h i l e t h i s has no s t a t i s t i c a l i m p o r t a n c e , i t does i n d i c a t e 
t h a t t h e decay i n s i m i l a r i t y i n t h e case o f INCH i s f a r l e s s 
t h a n i n t h e FORV and LIAN d a t a ( w h i c h s h o u l d p r o d u c e s u p e r i o r 
r e s u l t s i f any i n t e r p o l a t i o n i s p e r f o r m e d on an INCH s u b s e t ) . 
W h i l e t h i s may be e x p e c t e d i n t h e case o f F0RV ; LIAN a p p e a r s 
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t o be a smooth, h i g h l y c o r r e l a t e d s u r f a c e . The ' p o o r ' LIAN 
n u l l c o r r e l a t i o n d i s t a n c e i s , i n f a c t , a r e s u l t o f u s i n g a 
g l o b a l m easure, s i n c e LIAN i s i n f a c t two s e p a r a t e s u r f a c e s 
w i t h p l a n a r and l i n e a r s e c t i o n s . Two l o c a l m easures r e f l e c t i n g 
t h i s d i v i s i o n m i g h t have r e s u l t e d i n s e p a r a t e , v e r y h i g h 
c o r r e l a t i o n s . 
Of a g r e a t e r s t a t i s t i c a l I m p o r t a n c e i s t h e p o i n t on t h e 
c o r r e l o g r a m s when 50% o f t h e v a r i a n c e i s a c c o u n t e d f o r . T h i s 
i s i n d i c a t e d by a s h o r t h o r i z o n t a l l i n e a t 0.707 on t h e 
c o r r e l a t i o n c o e f f i c i e n t a x e s . W h i l e t h e FORV d a t a s e t s a r e 
m a r k e d l y d i f f e r e n t a t t h i s p o i n t y o n l y a m i n o r v a r i a t i o n 
e x i s t s b e t w e e n LIAN and INCH d a t a s e t s . T h i s I s a r e s u l t o f 
t h e l a c k o f t h e s h o u l d e r i n t h e INCH c o r r e l o g r a m ( a s 
p r e v i o u s l y d i s c u s s e d ) , a l t h o u g h i t I s e x a g g e r a t e d by t h e more 
r a p i d d e cay o f t h e INCH-CONTOUR d a t a s e t . T h i s i s e m p h a s i s e d 
by c o n s i d e r i n g t h e mean decay d i s t a n c e s t o t h e 0.707 
c o r r e l a t i o n v a l u e f o r each d a t a a r e a (FORV - 52m, LIAN - 196m, 
INCH - 236m). 
4.4.1.2 I n t e r - d a t a Set Type C o m p a r i s o n s 
T h e r e a p p e a r s t o be a l e s s c o n s i s t e n t d i f f e r e n c e b e t w e e n 
d a t a s e t s w i t h i n each model t h a n t h e r e i s g e n e r a l l y b e t w e e n 
d i f f e r e n t m o d e l s . 
Over t h e i n i t i a l s l o p e o f t h e c o r r e l o g r a m , a l l c u r v e s a r e 
r e l a t i v e l y smooth and t h e i r p a t h s do n o t c r o s s t h o s e o f o t h e r 
d a t a s e t s - T a b l e 4-2 summarises t h e o r d e r o f a u t o c o r r e l a t i o n 
I n d i f f e r e n t p a r t s o f t h e c u r v e . I n g e n e r a l GRID p o i n t s t e n d 
t o w a r d s a h i g h e r l e v e l o f a u t o c o r r e l a t i o n t h a n most o t h e r d a t a 






c_> CO co to (0 
u IB 'a 
CO 
a co 00 
U-l 




























s e t s , a l t h o u g h f o r L I A N , R I V E R d a t a a r e more a u t o c o r r e l a t e d , 
a n d f o r I N C H ? t h e R I V E R d a t a a r e t h e s e c o n d most 
a u t o c o r r e l a t e d . T h i s I s n o t s u r p r i s i n g , s i n c e t h e p o i n t s 
s e l e c t e d on r i v e r s a r e u s u a l l y q u i t e c l o s e t o g e t h e r a n d 
i n c l u d e o n l y a s m a l l r a n g e o f t h e t o t a l h e i g h t r a n g e w i t h i n a 
m o d e l . T h i s i s e s p e c i a l l y s o i n L I A N , w h e r e a s i z e a b l e number 
o f R I V E R p o i n t s a r e a l o n g t h e v a l l e y f l o o r . SCATTER d a t a a r e 
g e n e r a l l y t h e n e x t most h i g h l y a u t o c o r r e l a t e d d a t a s e t and 
t h i s i s a l m o s t c e r t a i n l y a r e s u l t o f t h e r a n g e o f h e i g h t 
v a l u e s b e i n g g r e a t e r t h a n R I V E R p o i n t s , w h i l e b e i n g more 
e v e n l y d i s t r i b u t e d a c r o s s t h i s r a n g e t h a n , f o r e x a m p l e , 
B R E A K L I N E . B R E A K L I N E a n d CONTOUR g e n e r a l l y p r o d u c e s i m i l a r 
i n i t i a l c u r v e s , e x c e p t i n t h e c a s e o f INCH, w h e r e B R E A K L I N E 
d a t a h a v e a s u r p r i s i n g l y h i g h i n i t i a l a u t o c o r r e l a t i o n . The 
e x p l a n a t i o n f o r t h e g e n e r a l l y l o w a u t o c o r r e l a t i o n f o r 
B R E A K L I N E , e s p e c i a l l y o v e r s h o r t d i s t a n c e s , i s u n d o u b t e d l y a s 
a r e s u l t o f t h e p o i n t s b e i n g s e l e c t e d a t t h e t o p s and b o t t o m s 
o f s l o p e s . The n e a r e s t p o i n t s w i l l o f t e n be a t t h e o t h e r e n d 
o f t h e s l o p e a nd t h e r e f o r e be c o n s i d e r a b l y d i f f e r e n t . T he 
i n e x p l i c a b l y h i g h a u t o c o r r e l a t i o n f o r I N C H - B R E A K L I N E may be a 
r e s u l t o f a d e n s e r d i s t r i b u t i o n o f p o i n t s a l o n g f e w e r l i n e s , 
t h u s t h e n e a r e s t p o i n t i s n o t a t t h e o t h e r e n d o f t h e s l o p e , 
b u t f u r t h e r a l o n g t h e r i d g e o r v a l l e y . The low a u t o c o r r e l a t i o n 
w i t h i n t h e CONTOUR d a t a s e t i s more d i f f i c u l t t o e x p l a i n , b u t 
seems l i k e l y t o be a r e s u l t o f t h e c l o s e s t p o i n t s b e i n g on 
d i f f e r e n t c o n t o u r l e v e l s - e x c e p t i n L I A N , w h e r e a l a r g e 
number o f p o i n t s a r e i n t h e r i v e r b a s i n and h a v e h e i g h t v a l u e s 
c l o s e e n o u g h t o a f f e c t t h e f u n c t i o n o v e r t h e s h o r t d i s t a n c e s . 
The e x i s t e n c e and l o c a t i o n o f s h o u l d e r s on t h e f u n c t i o n s 
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and t h e g e n e r a l i s a t i o n o f t h e f u n c t i o n v a r y b e t w e e n t h e d a t a 
s e t t y p e s . GRID d a t a g i v e t h e s m o o t h e s t a u t o c o r r e l a t i o n 
f u n c t i o n i n e a c h m o d e l . SCATTER d a t a g i v e t h e n e x t s m o o t h e s t 
c u r v e , a l t h o u g h i n t h e FORV m o d e l t h i s i s n o m i n a l l y s o . I n 
a d d i t i o n , a s l i g h t ' t o e ' e f f e c t may be s e e n on b o t h L I A N a n d 
INCH d a t a s e t s w h e r e t h e f u n c t i o n s h a r p l y c h a n g e s d i r e c t i o n a s 
i t n e a r s a n u l l c o r r e l a t i o n . I n c o n t r a s t , e s p e c i a l l y w i t h t h e 
INCH m o d e l , t h e B R E A K L I N E , R I V E R a n d CONTOUR d a t a p r o d u c e more 
' w a v y ' f u n c t i o n s , d e f i n i n g t h e c h a r a c t e r i s t i c w a v e l e n g t h o f 
t h e p a r t i c u l a r t o p o g r a p h i c f e a t u r e . I n g e n e r a l , t h e l o c a t i o n 
o f t h e f i r s t s h o u l d e r o f t h e f u n c t i o n s a p p e a r s t o be a r e s u l t 
o f t h e m o d e l t y p e r a t h e r t h a n o f t h e d a t a s e t . 
The s t r o n g e s t i n t e r - d a t a c o r r e l a t i o n o c c u r s a t t h e p o i n t on 
t h e c o r r e l o g r a m s a t w h i c h 5 0 % o f t h e v a r i a n c e i s a c c o u n t e d 
f o r . E x c l u d i n g R I V E R d a t a , a s t r o n g p o s i t i v e c o r r e l a t i o n 
o c c u r s b e t w e e n t h e o r d e r e d d e c a y d i s t a n c e s f o r e a c h d a t a s e t 
t y p e . The u n i q u e c i r c u m s t a n c e s c o n c e r n i n g t h e l o c a l i s e d a n d 
r e s t r i c t e d n a t u r e o f t h e L I A N - R I V E R d a t a s e t h a v e a l r e a d y b e e n 
d i s c u s s e d . T h i s h a s t h e e f f e c t o f m a k i n g t h e a s s o c i a t e d 
c o r r e l o g r a m d e c a y l e s s r a p i d l y , a n d t h u s L I A N - R I V E R i s 
u n r e a l i s t i c a l l y h i g h i n t h e r e l e v a n t s e c t i o n i n T a b l e 4 2. I n 
g e n e r a l , t h e d e c a y d i s t a n c e a t w h i c h 5 0 % o f t h e v a r i a n c e i s 
a c c o u n t e d f o r a p p e a r s t o be r e l a t e d t o d a t a t y p e w i t h i n a n y 
one m o d e l t y p e . The d e c a y d i s t a n c e w h e r e t h e v a l u e o f t h e 
c o r r e l o g r a m b e c o m e s z e r o a p p e a r s t o h a v e l e a s t c o n s i s t e n c y . 
W i t h t h e e x c e p t i o n o f CONTOUR g e n e r a l l y h a v i n g a s h o r t e r n u l l 
c o r r e l a t i o n d i s t a n c e , no r e g u l a r p a t t e r n a p p e a r s t o emerge 
( s e e T a b l e 4 - 2 ) . 
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4 .4.1.3 D e s c r i p t o r C o n s i s t e n c y 
F i n a l l y , t h e c o n s i s t e n c y o f t h e d e s c r i p t o r must be 
e x a m i n e d . I n o r d e r t o m e a s u r e t h i s , t h e s i z e s o f t h r e e o f t h e 
d a t a s e t s i n e a c h o f t h e m o d e l s w e r e i n c r e a s e d a p p r o x i m a t e l y 
t w o - f o l d ( b y r e - s a m p l i n g t h e o r i g i n a l 
p h o t o g r a m m e t r i c a l l y - o b s e r v e d d a t a ) a nd t h e a u t o c o r r e l a t i o n 
f u n c t i o n r e - c o m p u t e d . The new B R E A K L I N E , CONTOUR a n d GRID d a t a 
s e t s p r o d u c e d t h e f u n c t i o n s shown i n F i g u r e 4.4. 
I n a l l c a s e s , t h e l a r g e r d a t a s e t s p r o d u c e d a f u n c t i o n 
w h i c h i s o f r e m a r k a b l y s i m i l a r s h a p e a n d r u n s n e a r - p a r a l l e l t o 
t h e s m a l l e r d a t a s e t s . T h e s e h a v e v a l u e s c o n s i s t e n t l y s m a l l e r , 
w i t h t h e e x c e p t i o n o f L I A N - G R I D a n d INCH-CONTOUR. I n 
p a r t i c u l a r t h e i n i t i a l c u r v e s l o p e s ( 0 . 7 0 7 c o r r e l a t i o n 
p o i n t s ) a nd f i n a l n u l l - c o r r e l a t i o n p o i n t s a r e v i r t u a l l y 
i d e n t i c a l , a n d s l i g h t c h a n g e s a r e o n l y d i s c e r n i b l e w h e r e m i n o r 
s u b s i d i a r y s h o u l d e r s o c c u r . O v e r a l l , t h e g e n e r a l p a t t e r n s 
shown by e a c h o f t h e t h r e e s u r f a c e s a r e a d h e r e d t o and t h e 
same t y p e s o f d a t a t e n d t o be more d i s t i n c t l y s i m i l a r o v e r t h e 
f i r s t s e c t i o n o f t h e c u r v e s j t h u s , f o r e x a m p l e , GRID d a t a 
a p p e a r more d i s t i n c t t h a n B R E A K L I N E a n d CONTOUR d a t a . 
T h u s , on t h e b a s i s o f t h e s e r e s u l t s , p r o v i d i n g t h e number 
o f d a t a p o i n t s w i t h i n a d a t a s e t i s known, r e s u l t a n t 
a u t o c o r r e l a t i o n f u n c t i o n s f r o m t h a t d a t a s e t c a n be r e a s o n a b l y 
m a t c h e d t o o t h e r d a t a s e t s f r o m t h a t s u r f a c e , a nd a l s o , t o a 
l e s s e r e x t e n t , t o s i m i l a r d a t a t y p e s i n o t h e r d a t a s e t s . 
S i m i l a r l y , d i f f e r e n t d a t a s e t s f r o m d i f f e r e n t s u r f a c e s p r o d u c e 
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c o n s i s t e n t r e s u l t s . 
4.4.2 T w o - d i m e n s i o n a l A u t o c o r r e l a t i o n 
One p r o b l e m o f c o m p u t i n g a s i n g l e a r e a l a u t o c o r r e l a t i o n 
c o e f f i c i e n t i s t h a t i t a s s u m e s t h a t t h e d a t a a r e i s o t r o p i c . 
U n f o r t u n a t e l y , t h i s i s n o t a l w a y s n e c e s s a r i l y t r u e ; h o w e v e r , 
i n t h e a b s e n c e o f e v i d e n c e t o t h e c o n t r a r y , I t must be 
a s s u m e d . F o r t h e p u r p o s e s o f e x a m i n i n g t h e a u t o c o r r e l a t i o n o f 
t h e d a t a f u r t h e r , a p r o g r a m 'AUTOP' was d e v e l o p e d by t h e 
a u t h o r u t i l i s i n g t h e ' P E R S Y S ' i s o m e t r i c b l o c k d i a g r a m p l o t t i n g 
p a c k a g e ( A l . 4 . 2 ) . The i n p u t t o t h e p r o g r a m c o n s i s t e d o f a 
r e g u l a r g r i d ; v a r y i n g r e s o l u t i o n s o f o b s e r v e d g r i d s a n d 
i n t e r p o l a t e d g r i d s w e r e i n p u t . The o u t p u t f r o m t h e p r o g r a m 
c o n s i s t e d o f t h e t w o - d i m e n s i o n a l i s o m e t r i c p l o t o f 
c o r r e l a t i o n s a n d t h e p r i n t e d c o r r e l a t i o n m a t r i x . The a c t u a l 
c o r r e l a t i o n f u n c t i o n u s e d was a m o d i f i c a t i o n o f t h e P e a r s o n i a n 
p r o d u c t - m o m e n t c o r r e l a t i o n c o e f f i c i e n t ( C o x , 1 9 7 9 ) . 
The i s o m e t r i c p l o t s ( F i g u r e 4 . 5 ) a r e o b s e r v e d f r o m t h e SE 
c o r n e r a n d t h u s t h e l i n e s r u n n i n g b o t t o m - 1 e f t / t o p - r i g h t show 
t h e l a g i n ' y ' , and t h o s e r u n n i n g t o p - l e f t / b o t t o r n - r I g h t show 
t h e l a g i n ' x ' . The s o l i d r e d l i n e s I l l u s t r a t e t h e +1 a n d -1 
l i m i t s o f t h e c o e f f i c i e n t , and t h e p e c k e d l i n e s 0 a n d l i m i t s 
+ / - 0 . 7 0 7 . ( w h e r e 5 0 % o f t h e v a r i a n c e i s a c c o u n t e d f o r ) . The 
v a l u e s w h e r e t h e f u n c t i o n c r o s s e s + 0 .707 on l a g 0 I n b o t h x 
an d y a r e s u m m a r i s e d w i t h t h e c o r r e s p o n d i n g AUFN d i s t a n c e s f o r 
a l l t h e d a t a s e t s i n T a b l e 4.3. 
The t a b l e s hows t h a t a r e m a r k a b l e c o n s i s t e n c y e x i s t s w i t h i n 
a n y d a t a s u r f a c e , i r r e s p e c t i v e o f r e s o l u t i o n . T h u s t h e t h r e e 
SURFACE C H A R A C T E R I S T I C S AND ROUGHNESS 









y y y ys y 
y y 






+10 - 1 
0 0 K 
y 
y y y y y l 0 y 









+ l 0 
y 
y y y 
y 




F65 y y 
194 
DATA S E T LAG ( c e l l s ) D I S T A N C E ( a ) AUFN (m) 
X y X y v e c t o r 
149 9 n 270 330 426 
1 2 5 4. 5 4.7 270 280 389 
113 2 . 3 3 280 360 456 
IB-MUL 9. 3 12 279 360 455 237 
IC-MUL 9. 2 11 276 330 430 181 
I G -MUL 9. 5 12 285 360 459 293 
IR-MUL 9. 3 11 279 330 432 218 
IS-MUL 9. 2 11.8 276 354 449 251 
L 4 9 24 * 22 360 330 488 
L 2 5 12 * 11 360 330 488 
L 1 3 9 * 5 360 300 469 
LB-MUL 24 * 22. 1 360 334 489 172 
LC-MUL 24 * 21.2 360 318 480 177 
LG -MUL 24 * 22.5 360 337 493 213 
LR-MUL 24 * 24 * 360 360 509 227 
LS-MUL 24 * 22.3 360 331 491 191 
F 6 5 6 13 60 130 143 
F 3 3 3 6 60 120 134 
F 1 7 1 . 5 3 60 120 134 
F B-MUL 7 13. 1 70 131 148 32 
FC-MUL 7 13.8 70 138 155 39 
FG-MUL 7. 4 16 74 160 176 87 
FS -MUL 7. 5 12 75 120 141 50 
T a b l e 4.3 R e s u l t s o f a u t o c o r r e l a t i o n a n a l y s e s 
(* a l l l a g v a l u e s a r e a b o v e s i g n i f i c a n t l i m i t ) . 
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s u r f a c e s may be s u m m a r i s e d by t h e r e s p e c t i v e p l o t s f o r 149 , 
L 4 9 , a n d F 6 5 . M i n o r d i f f e r e n c e s a r e shown b e t w e e n t h e 
d i f f e r e n t d a t a t y p e s and when t h e r e s u l t a n t v e c t o r i s d e r i v e d 
f r o m t h e x and y d i s t a n c e s a nd c o m p a r e d w i t h t h e a r e a l 
a u t o c o r r e l a t i o n v a l u e s a t +0.707, a good c o r r e l a t i o n i s shown 
t o e x i s t a l l o w i n g f o r s u c h s m a l l d a t a s e t s ( I N C H - 0.91, L I A N 
- 0.91 and FORV - 0.47 - u s i n g S p e a r m a n ' s r a n k c o r r e l a t i o n ) . 
INCH g r i d s a r e shown t o be r e a s o n a b l y i s o t r o p i c w i t h t h e 
d e c a y r e a c h i n g 0.707 a t 270m l a g i n x a n d 330m l a g i n y . 
Beyond t h i s , d e c a y i s r a p i d w i t h t h e e x c e p t i o n o f t h e d i a g o n a l 
c o n s i s t i n g o f e q u a l l a g i n x and y . T h i s c a n be r e a d i l y 
r e l a t e d t o t h e a c t u a l INCH s u r f a c e , a s t h e g e n e r a l t r e n d o f 
t h e s u r f a c e r u n s SW/NE f o l l o w i n g t h e l i n e o f t h e m a j o r 
d i s s e c t i o n , t h e r i v e r v a l l e y . I n a d d i t i o n , t h e more r a p i d 
d e c a y a l o n g t h e m a j o r a x e s i s c a u s e d by t h e e x i s t e n c e o f t h e 
same r i v e r v a l l e y , t h e o t h e r v a l l e y s t r a n s v e r s e t o t h a t a n d 
t h e m a j o r l a n d f o r m c h a n g e i n t h e NE o f t h e m o d e l . T h i s 
s u g g e s t s t h a t , i f i n t e r p o l a t i o n i s t o t a k e p l a c e i n t h i s 
s u r f a c e , p o i n t s e a r c h s h o u l d p r e f e r e n t i a l l y o c c u r i n t h e SW/NE 
d i r e c t i o n w i t h l o w e r w e i g h t i n g t o o t h e r d i r e c t i o n s . 
L I A N g r i d s h a v e a much h i g h e r l e v e l o f a u t o c o r r e l a t i o n t h a n 
t h o s e f r o m INCH o r FORV, and g r e a t e r t h a n t h a t s u g g e s t e d by 
t h e a r e a l a u t o c o r r e l a t i o n r e s u l t s . The E/W d i r e c t i o n i s 
c o n f i r m e d a s r e p r e s e n t i n g t h e m a j o r s t r i k e o f t h e s u r f a c e , a s 
t h e a u t o c o r r e l a t i o n i s c o n s i s t e n t l y h i g h e r i n t h i s d i r e c t i o n . 
C o n v e r s e l y , t h e f u n c t i o n d e c a y s most r a p i d l y i n t h e y ( N / S ) 
d i r e c t i o n e m p h a s i s i n g t h e d i p o f t h e s u r f a c e . The AUT0P p l o t 
s u g g e s t s t h a t p o i n t s e a r c h i n g f o r i n t e r p o l a t i o n w o u l d b e s t be 
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l i m i t e d t o a W/E d i r e c t i o n , a l t h o u g h a l i m i t e d d i r e c t i o n a l 
s e a r c h i n t h e N/S d i r e c t i o n w o u l d a l s o be a c c e p t a b l e . 
FORV s h o w s a more r a p i d d e c a y i n t h e W/E d i r e c t i o n and a 
much s l o w e r d e c a y i n t h e N/S d i r e c t i o n , w h i c h i s f a r more 
r a p i d t h a n f o r L I A N and INCH. Once a g a i n , t h i s I s e a s i l y 
i n t e r p r e t e d f r o m t h e t e r r a i n , w h e r e t h e g e n e r a l t r e n d o f t h e 
s a n d d u n e s r u n s N/S, h e n c e t h e s l o w e r d e c a y i n t h i s d i r e c t i o n . 
T h u s , f o r t h e p u r p o s e s o f i d e a l i n t e r p o l a t i o n t h e p o i n t s e a r c h 
s h o u l d be c o n c e n t r a t e d i n t h e N/S d i r e c t i o n w i t h l o w w e i g h t i n g 
i n t h e W/E d i r e c t i o n . 
I t h a s t h u s b e e n shown t h a t t h e t w o - d i m e n s i o n a l 
a u t o c o r r e l a t i o n f u n c t i o n p r o v i d e s a d e s c r i p t o r w h i c h i s v e r y 
s t a b l e t o b o t h g r i d r e s o l u t i o n and d a t a t y p e , a n d y e t i s v e r y 
v a r i a b l e t o s u r f a c e t y p e . T h i s f o r m o f d e s c r i p t o r t h e r e f o r e 
p r o v i d e s a n e x c e l l e n t I n d i c a t o r w i t h w h i c h t o c o n t r o l v a r i o u s 
a s p e c t s o f i n t e r p o l a t i o n , i n c l u d i n g b o t h s e a r c h i n g a n d 
w e i g h t i n g . As r e g a r d s t h e w i t h i n - m o d e l d a t a t y p e c o n s i s t e n c y , 
i t i s c l e a r t h a t a good r a n k c o r r e l a t i o n e x i s t s b e t w e e n t h e 
a r e a l a u t o c o r r e l a t i o n r e s u l t s and t h e t w o - d i m e n s i o n a l ( v e c t o r ) 
r e s u l t s ( T a b l e 4 . 3 ) . T h i s c o u l d p e r h a p s be i m p r o v e d by 
m o d i f y i n g t h e method f o r d e r i v i n g t h e l a t t e r q u a n t i t y . A more 
p r e c i s e m ethod w o u l d be t o u s e t h e d i s t a n c e t o t h e n e a r e s t 
i n t e r - l a g p o i n t w h e r e t h e v a l u e o f t h e f u n c t i o n i s 0 . 7 0 7 . 
N e v e r t h e l e s s , i t d o e s s u g g e s t t h a t t h e i n t e r p o l a t e d g r i d s t i l l 
r e t a i n s t h e b a s i c c h a r a c t e r o f t h e o r i g i n a l p o i n t d a t a s e t a n d 
t h a t b o t h a u t o c o r r e l a t i o n t e c h n i q u e s a r e m u t u a l l y e q u i v a l e n t 
f o r t h e d i f f e r e n t f o r m s o f d a t a r e q u i r e d . 
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4.A.3 S u r f a c e A r e a A n a l y s i s 
F o r t h e p u r p o s e s o f a n a l y s i s o f t h e s u r f a c e a r e a o f t h e 
d a t a s e t s , two p r o g r a m s w e r e d e v e l o p e d - 'SA~ t o d e a l w i t h 
r e g u l a r g r i d d e d d a t a and 'DTSA' t o d e a l w i t h i r r e g u l a r p o i n t 
d a t a . A f u l l d e s c r i p t i o n o f t h e p r o g r a m s o c c u r s i n A l . 4 . 1 9 a n d 
A l . 4 . 7 . B o t h p r o g r a m s d e t e r m i n e t h e amount o f s i m i l a r i t y 
b e t w e e n t h e s u r f a c e u n i t s ( t r i a n g l e s f o r DTSA, an d s q u a r e g r i d 
c e l l s f o r SA) a n d a s s u m e d p l a n a r u n i t s ( t r i a n g l e s o r s q u a r e s ) 
u s i n g t h e p a r a m e t e r s d i s c u s s e d e a r l i e r . 
4 .4.3.1 R e g u l a r G r i d s 
A p r e l i m i n a r y s t u d y o f t h e h i s t o g r a m s o f s u r f a c e a r e a i n a 
r a n g e o f r e g u l a r g r i d r e s o l u t i o n s ( F i g u r e 4 . 6 ) a n d a r a n g e o f 
s u r f a c e m o d e l s ( F i g u r e 4 . 7 ) s hows t h a t t h e d i s t r i b u t i o n s a r e 
s t r o n g l y s k e w e d . Some o f t h e p r o b l e m s o f u t i l i s i n g s t a t i s t i c s 
d e r i v e d f r o m u n t r a n s f o r m e d j t r u n c a t e d d i s t r i b u t i o n s w i t h 
s u b s t a n t i a l s k e w n e s s h a v e b e e n o u t l i n e d e a r l i e r - means an d 
s t a n d a r d d e v i a t i o n s a r e d i s t o r t e d and k u r t o s i s i s b i a s s e d . The 
d e r i v a t i o n o f m e d i a n s a n d i n t e r - q u a r t i l e r a n g e s may a i d t h e 
i n t e r p r e t a t i v e s i t u a t i o n , a l t h o u g h a l t e r n a t i v e l y t h e 
m o m e n t - b a s e d s t a t i s t i c s may be i m p r o v e d by t r a n s f o r m a t i o n . I t 
i s p r o b a b l y u n w i s e t o a p p l y q u a n t l i e - b a s e d s t a t i s t i c s i n s u c h 
a s i t u a t i o n , a s t h i s w o u l d remove e x t r e m e s w h i c h a r e a n 
i m p o r t a n t a s p e c t o f t h e d i s t r i b u t i o n . 
The s u r f a c e a r e a s t a t i s t i c s , l i k e t h e o t h e r s u r f a c e 
c h a r a c t e r i s t i c s , w e r e b e i n g u t i l i s e d i n two c o n t e x t s ; 
a . The power o f t h e method i n p r o v i d i n g a s u r f a c e 
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SA (GRID) - 149 
TftftTTrhwr, 
MEAN - 1.03 
STD. DEV « 0.04 
SKEVNESS - 3.23 
KURTOSIS . 19.01 









SA (GRID) - 125 
MEAN . 1.03 
STD. DEV . 0.03 
SKEVNESS - 2.61 
KURTOSIS .12.58 







SA (GRID) - 113 
MEAN . 1.02 
STD. DEV - 0.02 
SKEVNESS . 2.45 
200 I KURTOSIS - 10.89 
00 1.04 1.08 1.12 1.16 1.20 1.24 1.28 1.32 1.36 1.40 1.44 
Fi g u r e 4.6 Sur f a c e a r e a a n a l y s i s d i s t r i b u t i o n - range of g r i d r e s o l u t i o n s 
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SA (GRID) - I S -MUL 
MEAN . 1.02 
STD. DEY - 0.02 
SKEVNESS - 2.52 
KURTOSIS .13.20 








SA (GRID) - LS-MUL 
MEAN . 1.01 
STD. OEV - 0.01 
SKEVNESS - 1.35 
KURTOSIS - 4.61 






SA (GRID) - FS-MUL 
MEAN . 1.00 
STD. OEV . 0.01 
SKEUNESS - 4.34 
KURTOSIS - 35.41 
00 1.04 1.08 1.12 1.16 1.20 1.24 1.28 1.32 1.36 1.40 1.44 
F i g u r e 4.7 Su r f a c e a r e a a n a l y s i s d i s t r i b u t i o n - range of s u r f a c e types. 
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d e s c r i p t o r was b e i n g i n v e s t i g a t e d . I n s u c h a s i t u a t i o n i t 
i s i m p o r t a n t t o c o n s i d e r t h e u n t r a n s f o r m e d d i s t r i b u t i o n s 
s i n c e t h e s t a t i s t i c s a r e i n t h e t r u e s u r f a c e u n i t s . More 
i m p o r t a n t l y , u n t r a n s f o r m e d s k e w n e s s i s a n i m p o r t a n t a i d t o 
i n t e r p r e t a t i o n , e m p h a s i s i n g some o f t h e p r o b l e m s a n d 
l i m i t a t i o n s o f t h e t e c h n i q u e . S i m i l a r l y , u n t r a n s f o r m e d 
k u r t o s i s may be h e l p f u l a l t h o u g h i t s c o r r e l a t i o n w i t h 
s k e w n e s s must be c o n s i d e r e d . U n t r a n s f o r m e d s k e w n e s s i s a l s o 
a u s e f u l i n d i c a t o r a s t o w h e t h e r t h e means a n d s t a n d a r d 
d e v i a t i o n s a r e p o s s i b l y d i s t o r t e d a n d t h e r e f o r e 
u n r e p r e s e n t a t i v e , a l l o w i n g more e m p h a s i s t o be p l a c e d on 
m e d i a n s a n d l n t e r - q u a r t i l e r a n g e s . 
b. The r e s u l t a n t s t a t i s t i c s w e r e t o be u s e d I n f u r t h e r 
c o r r e l a t i o n s w i t h e r r o r a n a l y s e s s t a t i s t i c s . I n s u c h a 
s i t u a t i o n , s t a t i s t i c s d e r i v e d f r o m a more n o r m a l i s e d , 
t r a n s f o r m e d d i s t r i b u t i o n a r e d e s i r a b l e w i t h s k e w n e s s 
m i n i m i s e d and k u r t o s i s n o r m a l i s e d . T h i s a l l o w s a f u l l u s e 
o f a l l s t a t i s t i c s a nd s h o u l d i m p r o v e t h e s t r e n g t h o f t h e 
i n t e r p r e t a t i o n a n d t h e s i g n i f i c a n c e o f t h e s u b s e q u e n t 
c o r r e l a t i o n s . 
The e f f e c t o f t r a n s f o r m a t i o n must t h e r e f o r e be c o n s i d e r e d . 
I n t h i s r e s p e c t , much c o n s i d e r a t i o n was g i v e n t o t h e wo r k o f 
E v a n s ( 1 9 7 9 ) i n c o m p a r i n g t r a n s f o r m a t i o n s o f s k e w e d 
d i s t r i b u t i o n s o f g r a d i e n t s i n c e s u r f a c e a r e a i s e s s e n t i a l l y a 
f o r m o f p s e u d o - g r a d I e n t - t h e s t e e p e r t h e g r a d i e n t , t h e 
g r e a t e r t h e t o t a l s u r f a c e a r e a . 
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V a r i o u s t r a n s f o r m a t i o n s w e r e c o n s i d e r e d i n an a t t e m p t t o 
m i n i m i s e t h e s t r o n g p o s i t i v e s k e w n e s s o f t h e s u r f a c e a r e a 
d i s t r i b u t i o n s . F o l l o w i n g a b r i e f l i t e r a t u r e s e a r c h a n d 
e m p i r i c a l t e s t s , s e v e r a l b a s i c t r a n s f o r m a t i o n s w e r e a p p l i e d t o 
a s e l e c t i o n o f t h e u n t r a n s f o r m e d d i s t r i b u t i o n s . From t h e 
p r e l i m i n a r y r e s u l t s , two t r a n s f o r m a t i o n s w e r e s p e c i a l l y 
d e v e l o p e d ( 2 a n d 3 ) a n d two t r a n s f o r m a t i o n s recommended by 
E v a n s ( 4 a n d 5 ) w e r e a p p l i e d . The f i n a l t r a n s f o r m a t i o n s 
s e l e c t e d w e r e . 
±_ . no t r a n s f o r m a t i o n ; 
Z. l o g i o ( 1 0 0 0 . 0 - ( s a - 0 . 9 9 ) ) ; 
3- t a n " ' ( 1 0 0 0 . 0 , ( s a - 1 . 0 ) ) ; 
4 . l o g ( o ( 1 0 . 0 . ( t a n ( s a ) ) -
5- < / ( 2 . 0 . s i n ( s a ) ) ; 
w h e r e s a = t h e i n d i v i d u a l s u r f a c e a r e a v a l u e s 
b e i n g t r a n s f o r m e d . 
I n o r d e r t o c o m p a r e t h e d e g r e e o f d e v i a t i o n f r o m n o r m a l i t y a s 
a r e s u l t o f t r a n s f o r m a t i o n , E v a n s c o n s i d e r e d t h a t , 
" s k e w n e s s i s w i t h o u t d o u b t t h e most i m p o r t a n t s i n g l e 
s t a t i s t i c ( f o l l o w e d by k u r t o s i s ) ... i t I s d e s i r a b l e t o 
f i n d a t r a n s f o r m a t i o n w h i c h m i n i m i s e s s k e w n e s s . G i v e n l o w 
s k e w n e s s , n o r m a l k u r t o s i s i s t h e n e x t d e s i d e r a t u m " 
( E v a n s , 1979, 4 6 ) . 
T a b l e 4.4 s u m m a r i s e s t h e s k e w n e s s a n d k u r t o s i s f o r e a c h 
t r a n s f o r m a t i o n f o r e a c h d a t a s e t -
E v a n s a l s o s u g g e s t s t h a t a f u l l e r p i c t u r e o f d e v i a t i o n f r o m 
n o r m a l i t y i s p r o v i d e d by a p l o t on c u m u l a t i v e p r o b a b i l i t y 
p a p e r . C l a s s l i m i t s a r e p l o t t e d on one a x i s a g a i n s t c u m u l a t e d 
p e r c e n t f r e q u e n c y . I t s h o u l d be n o t e d t h a t ; a l t h o u g h t h e two 
t a i l s o f s u c h a p l o t a r e I m p o r t a n t , p r o b a b i l i t y p a p e r 
' s t r e t c h e s ' b o t h t a i l s and t h e r e f o r e t h e i m p o r t a n c e o f t h e 
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DATA 2. 3 A. 5 
SKEW KURT SKEW KURT SKEW KURT SKEW KURT SKEW KURT 
149 3. 22 18. 96 0. 55 2. 86 - 3 . 49 16. 10 4. 24 3 2 . 02 2. 40 1 1 . 00 
125 2. 60 1 2 . 47 0. 55 2. 90 - 3 . 51 15. 58 2. 91 1 5 . 26 2. 20 9. 43 
113 2. 44 10. 85 0. 62 3. 12 - 3 . 11 1 2 . 53 2. 60 1 1 . 95 2. 20 9. 25 
IB-MUL 3. 01 15. 40 0. 89 3. 48 - 3 . 17 15. 21 3. 26 17. 82 2. 66 1 2 . 39 
IC-MUL 2. 88 1 5 . 94 0. 70 3. 00 - 3 . 05 1 3 . 63 3. 21 19. 28 2. 46 1 2 . 06 
IG-MUL 2. 47 10. 36 0. 78 3. 14 - 3 . 05 1 2 . 53 2. 61 1 1 . 41 2. 25 8. 91 
IR-MUL 2. 85 17. 96 0. 54 2. 81 - 2 . 85 11. 01 3. 33 2 4 . 56 2. 34 12. 12 
IS-MUL 2. 51 1 3 . 15 0. 62 2. 80 - 3 . 02 1 2 . 64 2. 83 1 7 . 08 2. 14 9. 55 
L 4 9 2. 56 1 1 . 71 0. 98 3. 40 - 1 . 47 4. 33 2. 65 1 2 . 47 2. 40 10. 51 
L 2 5 1. 68 6. 88 0. 70 2 . 48 - 1 . 02 2. 71 1 . 72 7. 18 1 . 60 6. 34 
L 1 3 1. 08 3. 10 0. 63 2. 12 -0. 67 1. 85 1. 09 3. 12 1. 06 3. 05 
LB-MUL 1 . 80 8. 13 0. 73 2. 56 -0. 64 1. 75 1. 85 8. 55 1. 70 7. 41 
LC-MUL 2. 43 1 5 . 76 0. 87 3. 04 - 0 . 83 2. 10 2. 57 1 7 . 68 2. 22 1 3 . 02 
LG-MDL 1. 34 4. 21 0. 78 2. 43 -0. 55 1. 66 1 . 35 4. 28 1 . 31 4. 09 
LR-MUL 0. 89 2. 69 0. 53 1. 89 -0. 55 1. 62 0. 90 2. 72 0. 87 2. 64 
LS-MUL 1. 31 4. 54 0. 65 2. 27 -0. 74 1. 85 1. 34 4. 65 1 . 27 4. 33 
F 6 5 5. 92 5 5 . 04 1. 96 7. 22 - 1 . 01 2. 89 8. 03 9 3 . 92 4. 71 3 2 . 21 
F 3 3 4. 67 3 2 . 24 2. 09 7. 72 -0. 67 2. 07 4. 92 3 6 . 02 4. 30 2 7 . 17 
F 1 7 3. 22 14. 54 1. 96 6. 85 -0. 60 2. 01 3. 26 1 4 . 81 3. 15 14. 02 
FB-MUL 5. 12 4 2 . 54 2. 33 9. 67 -0. 67 2. 19 5. 37 4 7 . 22 4. 86 3 6 . 75 
FC-MUL 7. 26 78. 01 2. 74 13. 61 -0. 39 1. 76 7. 63 8 5 . 64 6. 79 6 7 . 74 
FG-MUL 5. 62 5 3 . 34 2. 32 10. 52 -0. 42 1. 77 5. 85 5 7 . 53 5. 42 4 8 . 03 
FS-MUL 4. 28 3 5 . 07 1. 91 7. 69 -0. 51 1. 86 4. 45 3 7 . 90 4. 18 3 1 . 61 
T a b l e 4.4 Summary o f s k e w n e s s and k u r t o s i s f o r e a c h 
t r a n s f o r m a t i o n o f s u r f a c e a r e a d i s t r i b u t i o n 
f o r e a c h d a t a s e t . 
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extreme p o i n t s should not be exaggerated* This t e c h n i q u e was 
o n l y used f o r the f u l l g r i d s (149, L49 and F65 i n F i g u r e 
4.8a,b and c ) as i t i s c l e a r l y i m p r a c t i c a l t o c o n s i d e r i t s use 
f o r a l l the data s e t s . 
F i n a l l y , Evans argued a g a i n s t p u r e l y s t a t i s t i c a l 
comparisons t o determine the optimum t r a n s f o r m a t i o n s i n c e , i n 
h i s o p i n i o n , 
" s i g n i f i c a n c e t e s t i n g can be a red h e r r i n g " , (Evans, 
1979, 6 ) . 
On the b a s i s of h i s e v i d e n c e , no such s i m p l i s t i c s e l e c t i o n 
of o p t i m a l t r a n s f o r m a t i o n was made. 
On the b a s i s of the skewness and k u r t o s i s a l o n e , the two 
t r a n s f o r m a t i o n s recommended by Evans seem t o be 
u n s a t i s f a c t o r y . While the square r o o t s i n e t r a n s f o r m a t i o n ( 5 ) 
produces m a r g i n a l l y s u p e r i o r r e s u l t s t o the use of no 
t r a n s f o r m a t i o n , a l l l o g t a n t r a n s f o r m a t i o n s have po o r e r 
s t a t i s t i c s . This i s s u p p o r t e d by the p l o t s which produce 
uneven concave c u r v e s , s i m i l a r t o those f o r no t r a n s f o r m a t i o n , 
s u g g e s t i n g p o s i t i v e skewness. 
While the two s p e c i a l l y prepared t r a n s f o r m a t i o n s ( l o g and 
a r c t a n ) are g e n e r a l l y s u p e r i o r t o no t r a n s f o r m a t i o n , n e i t h e r 
t r a n s f o r m a t i o n i s c o n s i s t e n t l y the b e s t . The l o g 
t r a n s f o r m a t i o n has a lower (and hence ' s u p e r i o r ' ) mean 
skewness (1.11) compared w i t h the a r c t a n t r a n s f o r m a t i o n 
(-1.56). The l o g t r a n s f o r m a t i o n i s ' s u p e r i o r ' where 
u n t r a n s f o r m e d skewness i s lower ( a l l INCH and most LIAN 
r e s u l t s ) . However, where skewness i s h i g h e r , the l e s s p o w e r f u l 
l o g t r a n s f o r m a t i o n i s u n s u c c e s s f u l compared WitV» the more 
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p o w e r f u l a r c t a n t r a n s f o r m a t i o n . 
These c o n c l u s i o n s are supported by the p l o t s . The INCH and 
LIAN l o g t r a n s f o r m a t i o n curves and the FORV a r c t a n 
t r a n s f o r m a t i o n curve are s t r a i g h t e r and t h e r e f o r e more 
n o r m a l i s e d . I n each case, the a l t e r n a t i v e p r epared 
t r a n s f o r m a t i o n i s S-shaped, which Evans suggests r e p r e s e n t s an 
unskewed k u r t i c d i s t r i b u t i o n . 
The r e s u l t s i n g e n e r a l c o n f i r m t h a t , w h i l e t h e 
n o r m a l i s a t i o n of the un t r a n s f o r m e d d i s t r i b u t i o n s may be 
improved by t r a n s f o r m a t i o n , t h e r e i s no unique t r a n s f o r m a t i o n 
which g i v e s s u p e r i o r r e s u l t s . This c a s t s doubts on the use o f 
t r a n s f o r m a t i o n s i n t h i s p a r t i c u l a r s i t u a t i o n , s i n c e some 
r e s u l t s may be improved a t the expense o f o t h e r s i n o t h e r data 
models. The l a c k o f success o f the 'recommended' 
t r a n s f o r m a t i o n s i s pr o b a b l y as a r e s u l t of the n a t u r e o f the 
d i s t r i b u t i o n and the f a c t t h a t g r e a t e r care was o b v i o u s l y 
taken over ' t u n i n g ' the o t h e r prepared t r a n s f o r m a t i o n s . 
A d d i t i o n a l l y , i t i s apparent t h a t t h e changing p a t t e r n s o f 
median and mean, and i n t e r - q u a r t i l e and s t a n d a r d d e v i a t i o n , a r e 
s i m i l a r enough t o be co n s i d e r e d i d e n t i c a l i n the f o l l o w i n g 
d i s c u s s i o n . 
I t was decided t o u t i l i s e the l o g t r a n s f o r m a t i o n , s i n c e 
u n l i k e the a r c t a n t r a n s f o r m a t i o n , i t c o n s i s t e n t l y improved t h e 
skewness and k u r t o s i s . A l l s t a t i s t i c s are summarised i n Tables 
4.5a,b and c f o r a l l data s e t s u s i n g no t r a n s f o r m a t i o n ( 1 ) and 
u s i n g the l o g t r a n s f o r m a t i o n (2X• From the s t a t i s t i c s . i t i s 
apparent t h a t two i m p o r t a n t f a c t o r s e x i s t i n the use of t h i s 
d e s c r i p t o r namely, g r i d , r e s o l u t i o n and s u r f a c e t y p e . The 
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DATA MIN MAX MEAN MEDIAN I/Q S . DEV SKEW KURT 
149 1 .000 1 .377 1 .032 1.019 0. 033 0. 039 3 .220 18. 963 
125 1 .000 1 .217 1 .026 1.017 0.026 0. 029 2 .597 12. 473 
113 1 .000 1 .134 1 .020 1.013 0.018 0. 021 2 .444 10. 845 
IB-MUL 1 .000 1 .183 1 .019 1.012 0.018 0. 023 3 .009 15. 386 
IC-MUL 1 . 000 1 .203 1 . 020 1.012 0.021 0. 023 2 .884 15. 939 
IG-MUL 1 .000 1 .172 1 .020 1.012 0.018 0. 023 2 .468 10. 362 
IR-MUL 1 . 000 1 .242 1 . 020 1.014 0.022 0. 022 2 .853 17. 964 
IS-MUL 1 .000 1 .248 1 .021 1 .013 0.022 0. 023 2 . 507 13. 152 
1) Using no t r a n s f o r m a t i o n . 
DATA MIN MAX MEAN MEDIAN I/Q S . DEV SKEW KURT 
149 1 . 002 2.588 1 . 502 1.466 0.442 0. 306 0.553 2.855 
125 1 . 006 2.355 1 .464 1.429 0.358 0. 274 0.552 2. 900 
113 1 .012 2. 160 1 .409 1.364 0.303 0. 241 0.624 3.123 
IB-MUL 1 .001 2.286 1 .379 1.335 0.341 0. 248 0.886 3.482 
IC-MUL 1 .000 2.329 1 .390 1.346 0.374 0. 255 0.697 2.997 
IG-MUL 1 . 000 2.260 1 .386 1.344 0.332 0. 256 0.776 3.140 
IR-MUL 1 .000 2.402 1 .394 1.375 0.385 0. 254 0.538 2.810 
IS-MUL 1 .001 2.411 1 .405 1.359 0.370 0. 260 0.623 2.796 
2) Using a l o g a r i t h m i c t r a n s f o r m a t i o n . 
Table 4.5a S t a t i s t i c a l summary o f the e f f e c t s of a l o g a r i t h m i c 
t r a n s f o r m a t i o n w i t h i n s u r f a c e area a n a l y s i s ( a l l 
INCH g r i d s ) . 
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DATA MIN MAX MEAN MEDIAN I/Q S . DEV SKEW KURT 
L 49 1 .000 1 .102 1 .011 1.006 0.013 0. 013 2 .558 11.709 
L25 1 .000 1 .061 1 . 008 1 . 004 0.012 0. 009 1 .679 6.877 
L13 1 .000 1 .025 1 .006 1 . 004 0.008 0. 007 1 .077 3.097 
LB-MUL 1 .000 1 .071 1 . 007 1 .004 0.012 0. 008 1 .799 8.131 
LC-MUL 1 .000 1 .109 1 .007 1. 004 0.010 0. 009 2 .434 15.755 
LG-MUL 1 .000 1 . 038 1 .006 1. 003 0.009 0. 007 1 .339 4.210 
LR-MUL 1 .000 1 .027 1 .005 1 .003 0.010 0. 006 0 .892 2.694 
LS-MUL 1 .000 1 .054 1 . 007 1. 004 0.011 0. 008 1 .313 4.539 
1) Using no t r a n s f o r m a t i o n . 
DATA MIN MAX MEAN MEDIAN I/Q S. DEV SKEW KURT 
L49 1 . 001 2 .051 1.256 1.195 0.324 2. 214 0.981 3. 404 
L25 1 .000 1 .851 1.218 1.158 0.314 0. 190 0. 704 2.481 
L13 1 .002 1 .543 1.177 1.137 0.259 0. 163 0.631 2. 120 
LB-MUL 1 .000 1 .910 1.190 1.135 0.315 0. 183 0.732 2.559 
LC-MUL 1 . 000 2 .074 1.189 1.141 0.290 0. 178 0.874 3.040 
LG-MUL 1 . 000 1 .679 1.167 1.116 0.262 0. 163 0.777 2.429 
LR-MUL 1 .000 1 . 567 1.158 1.113 0.279 0. 148 0.531 1.888 
LS-MUL 1 .000 1 .804 1.187 1 .145 0.309 0. 174 0.653 2.274 
2) Using a l o g a r i t h m i c t r a n s f o r m a t i o n . 
Table 4.5b S t a t i s t i c a l summary o f the e f f e c t s of a l o g a r i t h m i c 
t r a n s f o r m a t i o n w i t h i n s u r f a c e area a n a l y s i s ( a l l 
LIAN g r i d s ) . 
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DATA MIN MAX MEAN MEDIAN I/Q S . DEV SKEW KURT 
F65 1 .000 1 .426 1 .011 1.004 0. 009 0. 025 5 .918 55.035 
F33 1 .000 1 .153 1 . 007 1. 002 0.006 0. 014 4 .670 32.241 
F17 1 . 000 1 .047 1 .005 1 . 002 0.004 0. 008 3 .220 14.535 
FB-MUL 1 . 000 1 .127 1 .004 1.002 0. 004 0. 008 5 . 118 42.537 
FC-MUL 1 .000 1 .128 1 . 004 1 .002 0.004 0. 008 7 .255 78.013 
FG-MUL 1 .000 1 .094 1 .003 1 .002 0.004 0. 006 5 .616 53.336 
FS-MUL 1 .000 1 .084 1 .004 1 . 002 0. 004 0. 005 4 .275 35.065 
1) Using no t r a n s f o r m a t i o n . 
DATA MIN MAX MEAN MEDIAN I/Q S . DEV SKEW KURT 
F65 1 .000 2.639 1.221 1.131 0.254 0. 247 1 .963 7.217 
F33 1 . 000 2.212 1.166 1.096 0.189 0. 199 2 .091 7.717 
F17 1 .001 1.753 1.131 1.082 0. 137 0. 153 1 .956 6.852 
FB-MUL 1 . 000 2.137 1.127 1. 080 0.135 0. 148 2 .334 9.667 
FC-MUL 1 .000 2.138 1 . 109 1 .062 0.131 0. 137 2 .739 13.610 
FG-MUL 1 . 000 2.016 1. 104 1.064 0. 118 0. 122 2 .324 10.518 
FS-MUL 1 . 000 1.972 1.114 1.074 0.141 0. 123 1 .908 7.689 
2) Using a l o g a r i t h m i c t r a n s f o r m a t i o n . 
Table 4.5c S t a t i s t i c a l summary of the e f f e c t s of a l o g a r i t h m i c 
t r a n s f o r m a t i o n w i t h i n s u r f a c e area a n a l y s i s ( a l l 
F0RV g r i d s ) . 
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f o r m e r , g r i d r e s o l u t i o n , should be examined f i r s t as i t has a 
b e a r i n g on g e n e r a l s u r f a c e comparisons, s i n c e subsequent 
comparisons i n v o l v e comparing g r i d s o f d i f f e r e n t s i z e and 
r e s o l u t i o n . I t i s e v i d e n t from F i g u r e 4.6 and Table 4.5 t h a t 
f o r each s u r f a c e , as g r i d r e s o l u t i o n decreases and thus the 
number of g r i d c e l l s decreases, so a l l t h e quoted s t a t i s t i c s 
decrease ( w i t h the e x c e p t i o n of skewness and k u r t o s i s i n the 
l o g t r a n s f o r m a t i o n s t a t i s t i c s ) . From t he h i s t o g r a m s , i t i s 
a l s o apparent t h a t the percentage d e c l i n e i s p r o p o r t i o n a l 
across the h i s t o g r a m , but t h a t t h e lower v a l u e s n u m e r i c a l l y 
decrease most r a p i d l y . Thus the s u r f a c e i s und e r g o i n g a 
smoothing or f l a t t e n i n g e f f e c t , e x e m p l i f i e d by t h e 1.005-1.010 
c l a s s of F i g u r e 4.6. This i s e n t i r e l y u n d e r s t a n d a b l e , s i n c e by 
de c r e a s i n g the g r i d r e s o l u t i o n , the t o t a l g r a d i e n t may not be 
g r e a t e r than the g r e a t e s t component g r a d i e n t , see F i g u r e 4.9. 
T h e r e f o r e , the maximum, mean, median, i n t e r - q u a r t i l e range and 
s t a n d a r d d e v i a t i o n must a l l decrease. N o t a b l y , skewness and 
k u r t o s i s do not decrease So r a p i d l y s i n c e the shape o f the 
h i s t o g r a m i s s t i l l p r e s e r v e d . This i s borne out i n the 
t r a n s f o r m e d s t a t i s t i c s where these v a l u e s i n c r e a s e i n INCH and 
FORV d a t a . O v e r a l l , i t i s i m p o r t a n t t h a t a l l s u r f a c e s respond 
s i m i l a r l y , a l t h o u g h INCH has a slower n u m e r i c a l d e c l i n e due t o 
a few extreme o u t l i e r s caused by the s c a r p - s l o p e i n the 
North-West o f the area. 
Comparing s u r f a c e s , once a g a i n d i s t i n c t p a t t e r n s emerge 
from the u n t r a n s f o r m e d s t a t i s t i c s and the h i s t o g r a m s . FORV 
data g i v e s c o n s i s t e n t l y s m a l l e r means and t h u s , s i n c e t h e r e i s 
a minimum s u r f a c e area f o r a c e l l ( 1 . 0 ) , much g r e a t e r v a l u e s 
of skewness and k u r t o s i s . LIAN d a t a , w h i l e g i v i n g s i m i l a r 
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s t a n d a r d d e v i a t i o n s t o FORV d a t a , produce s l i g h t l y h i g h e r 
means and, w i t h the e x c e p t i o n of CONTOUR d a t a , s m a l l e r v a l u e s 
f o r skewness and k u r t o s i s . LIAN i s most e a s i l y i n t e r p r e t e d 
s i n c e the s u r f a c e i s a smooth c o n t i n u o u s s l o p e o f f e r i n g a more 
even d i s t r i b u t i o n o f slopes and thus o f c e l l s u r f a c e - a r e a s . 
The l a r g e r 1.000 - 1.005 c l a s s i s un d o u b t e d l y caused by the 
l a r g e f l a t r i v e r b a s i n area w i t h i n the model and, w i t h o u t 
t h i s , perhaps t he skewness would have been nea r e r z e r o . 
K u r t o s i s , w i t h v a l u e s f o r L13 (3.103) and LR-MUL (2-760) b o t h 
near the i m p o r t a n t 3.0 ind e x ( o f normal k u r t i c d i s t r i b u t i o n ) , 
i m p l i e s a near p e r f e c t normal d i s t r i b u t i o n . 
INCH r e s u l t s suggest a rougher and more v a r i e d t e r r a i n than 
e i t h e r of LIAN or FORV. Mean values of a p p r o x i m a t e l y 1.020 
(INCH) as opposed t o 1.004 (FORV) and 1.006 (LIAN) are a 
r e s u l t o f both a wide r range of slopes and thus c e l l s u r f a c e 
a r e a s , but a l s o the e x i s t e n c e o f some extreme v a l u e s , f o r 
example between 1.16 and 1.20, and 1.24 on the IS-MUL 
h i s t o g r a m ( F i g u r e 4.7). These aspects a l s o produce much h i g h e r 
s t a n d a r d d e v i a t i o n s , w h i l e skewness l i e s between the almost 
normal d i s t r i b u t i o n o f LIAN and the markedly skewed 
d i s t r i b u t i o n of FORV, and k u r t o s i s i s not as pronounced as 
t h a t of FORV. 
Thus, i n summary, FORV data are d i s t i n g u i s h e d by v e r y h i g h 
skewness and k u r t o s i s and ver y low mean, s u g g e s t i n g v e r y f l a t 
and smooth t e r r a i n . LIAN i s c h a r a c t e r i s e d by a low mean and 
st a n d a r d d e v i a t i o n but a l s o by near normal d i s t r i b u t i o n . INCH 
data have a much h i g h e r mean and s t a n d a r d d e v i a t i o n than have 
LIAN or FORV d a t a . Thus i t would appear t h a t t h i s d e s c r i p t o r 
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i s o n l y capable o f d e t e c t i n g macro-topographic f e a t u r e s and 
i g n o r e s micro-nuances of the d i f f e r e n t a reas. 
A d d i t i o n a l l y , w h i l e the d i f f e r e n t r e s o l u t i o n s and number o f 
c e l l s were shown t o have an e f f e c t on the d e s c r i p t o r , i t i s 
apparent t h a t t h i s would have l i t t l e added i m p l i c a t i o n f o r 
s u r f a c e comparisons. I f the r e s u l t s were s t a n d a r d i s e d on the 
ba s i s o f the number of c e l l s , INCH and LIAN would remain 
v i r t u a l l y unchanged, w h i l e the r e s u l t s f o r FORV would f a l l 
s l i g h t l y , p r o d u c i n g a more d i s t i n c t i v e l y s m a l l e r mean and a 
skewness and k u r t o s i s s t i l l l a r g e r but c l o s e r t o INCH, but 
markedly g r e a t e r than LIAN. A l t e r n a t i v e l y , i f the 
s t a n d a r d i s a t i o n was based on r e s o l u t i o n , assuming INCH remains 
unchanged, FORV would have a c o n s i d e r a b l y s m a l l e r mean but 
have skewness and k u r t o s i s s i m i l a r t o INCH. LIAN would have a 
mean g r e a t e r than FORV, but w i t h a skewness and k u r t o s i s 
v i r t u a l l y normal. 
C o n c e n t r a t i n g on the a b i l i t y of the s u r f a c e area d e s c r i p t o r 
t o d i s t i n g u i s h the d i f f e r e n t data s u b s e t s , I t i s apparent from 
the p r e v i o u s d i s c u s s i o n , Table 4.5 and Table 4.6 t h a t - l i k e 
s p a t i a l a u t o c o r r e l a t i o n - no c l e a r g e n e r a l p a t t e r n emerges 
w i t h i n t he s t a t i s t i c s . The w i t h i n - d a t a s u r f a c e c o n s i s t e n c y of 
un t r a n s f o r m e d maximum, mean median, i n t e r - q u a r t i l e and 
st a n d a r d d e v i a t i o n s t a t i s t i c s has been d i s c u s s e d . While the 
range o f these i n d i v i d u a l s t a t i s t i c s i n c r e a s e s w i t h 
t r a n s f o r m a t i o n , no apparent c o n s i s t e n c y emerges across the 
s u r f a c e s (see Table 4.6 summarising the means and s t a n d a r d 
d e v i a t i o n s ) . The g r e a t e s t c o n s i s t e n c y occurs w i t h 
u n t r a n s f o r m e d skewness. I n g e n e r a l , BREAKLINE and CONTOUR data 
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produce more extreme skewness and k u r t o s i s v a l u e s . RIVER data 
produce e i t h e r low or v e r y h i g h values and GRID and SCATTER 
data produce low-to-average r e s u l t s . The l a t t e r do have a more 
even data d i s t r i b u t i o n , t h e r e f o r e extreme s u r f a c e slopes have 
been removed as l a r g e i n t e r p o l a t e d areas ( t h e reader i s 
reminded t h a t these g r i d d e d data s e t s have been I n t e r p o l a t e d 
u s i n g m u l t i q u a d r i c a n a l y s i s ) w i l l have s i m i l a r homogeneous 
s u r f a c e c h a r a c t e r i s t i c s . The BREAKLINE and CONTOUR 
d i s t r i b u t i o n s are not so even, t h e r e f o r e s m a l l and l a r g e 
patches o f homogeneous s u r f a c e c h a r a c t e r i s t i c s w i l l e x i s t . I f 
some of these patches have extreme g r a d i e n t s , f o r example i n 
the l a r g e blow-out area (SW of c e n t r e ) i n FORV and the scarp 
s l o p e ( c e n t r e N) i n INCH, then a g r e a t e r range o f val u e s may 
e x i s t , a l t h o u g h due t o the l a r g e r smooth pa t c h e s , the 
d i s t r i b u t i o n may be more skewed. The RIVER data s e t s are more 
d i f f i c u l t t o e x p l a i n , a l t h o u g h the d i s c r e p a n c y between INCH 
and LIAN i s p o s s i b l y r e l a t e d t o the o r i g i n a l model s u r f a c e . 
LIAN-RIVER data have r e l a t i v e l y a much s m a l l e r range o f z 
val u e s than INCH and t h e r e f o r e the i n t e r p o l a t e d s u r f a c e i s 
smoother, r e s u l t i n g i n much s m a l l e r means, s t a n d a r d 
d e v i a t i o n s , skewness and o t h e r s t a t i s t i c s . 
More i n t e r e s t i n g l y , the m u l t i q u a d r i c I n t e r p o l a t i o n appears 
t o have over-smoothed and f l a t t e n e d the d a t a . I n g e n e r a l , 
means and s t a n d a r d d e v i a t i o n s are c o n s i d e r a b l y s m a l l e r t h a n 
the c o mparative 149, L49 and F65 r e f e r e n c e g r i d s . T h i s has had 
an a d d i t i o n a l e f f e c t of making the d i s t r i b u t i o n more normal 
and thus g e n e r a l l y s m a l l e r skewness and k u r t o s i s v a l u e s are 
found than i n the ' c o r r e c t ' or 'ground t r u t h ' d a t a . 
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4.4.3.2 I r r e g u l a r Data 
As a r e s u l t o f the n e g l i g i b l e i n c r e a s e i n i n f o r m a t i o n 
gained from the t r a n s f o r m a t i o n i n v e s t i g a t i o n w i t h i n g r i d d e d 
s u r f a c e area a n a l y s i s , t h i s aspect was not c o n s i d e r e d w i t h i n 
i r r e g u l a r data s u r f a c e area a n a l y s i s . While i n r e t r o s p e c t , 
w i t h such h i g h skewnesses t h i s may have been u s e f u l , i t was 
not p o s s i b l e t o p e r f o r m t h i s i n v e s t i g a t i o n due t o the 
p r a c t i c a l computing l i m i t a t i o n s of a c c e s s i n g the package. The 
un t r a n s f o r m e d r e s u l t s o f u s i n g i r r e g u l a r data i n 'DTSA' show 
t h a t the d e s c r i p t o r produces much more v a r i e d r e s u l t s w i t h 
p o i n t d a t a . This i s e a s i l y i l l u s t r a t e d by c o n s i d e r i n g s t a n d a r d 
d e v i a t i o n (see Table 4.7 and F i g u r e 4.10). I n g e n e r a l , t h e r e 
i s a g r e a t e r spread of va l u e s across the h i s t o g r a m and thus 
the s t a n d a r d d e v i a t i o n f o r p o i n t d a t a , even when s t a n d a r d i s e d 
f o r the number of c e l l s , I s c o n s i d e r a b l y g r e a t e r than any of 
the r e l e v a n t 'SA' g r i d s t a n d a r d d e v i a t i o n s . This w i d e r 
d i s t r i b u t i o n i s a d i r e c t r e s u l t o f extreme v a l u e s caused by 
s m a l l , i r r e g u l a r , s t e e p - s i d e d c e l l s which d e l i n e a t e l o c a l 
nuances o f the t e r r a i n . These s m a l l c e l l s have as much 
s i g n i f i c a n c e as every o t h e r c e l l ( i n c l u d i n g v e r y l a r g e , 
perhaps over-smooth c e l l s ) , r e s u l t i n g i n d i s t o r t i o n o f the 
h i s t o g r a m and parameters. 
While most of the parameters are g e n e r a l l y l a r g e r than the 
e q u i v a l e n t 'SA~ parameters, n e v e r t h e l e s s s i m i l a r p a t t e r n s 
emerge. Larger data s e t s , f o r example IB3 and IC3, gener a t e 
l a r g e r v a l u e s f o r a l l the parameters t h a n do the s m a l l e r data 
s e t s ( I B and I C ) . The FORV p o i n t data s e t g i v e s c o n s i s t e n t l y 
l a r g e r means and st a n d a r d d e v i a t i o n s a l t h o u g h , u n l i k e g r i d d e d 
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DATA MEAN STD . DEV SKEW KURT CELLS RESO 
149 (GRID) 1 .032 0. 039 3. 220 18. 963 2304 30 
125 (GRID) 1 .026 0. 029 2. 597 12. 473 576 60 
113 (GRID) 1 .020 0. 021 2. 444 10. 845 169 120 
IB-MUL (GRID) 1 .019 0. 023 3. 009 15. 386 2304 30 
IC-MUL (GRID) 1 .020 0. 023 2. 884 15. 939 2304 30 
IG-MUL (GRID) 1 .020 0. 023 2. 468 10. 362 2304 30 
IR-MUL (GRID) 1 .020 0. 022 2. 853 17. 964 2304 30 
IS-MUL (GRID) 1 . 021 0. 023 2 . 507 13. 152 2304 30 
IB 1 .052 0. 143 8. 921 102. 043 603 
IC 1 . 042 0. 082 9. 409 128. 618 535 
IR 1 .061 0. 185 8. 173 87. 888 535 
IS 1 .060 0. 168 8. 557 97. 526 537 
IB3 1 . 053 0. 113 7. 777 94. 877 1097 
IC3 1 .046 0. 136 15. 653 321. 602 1096 
L49 (GRID) 1 .011 0. 013 2. 558 11. 709 2784 15 
L25 (GRID) 1 .008 0. 009 1. 679 6. 877 696 30 
L13 (GRID) 1 .006 0. 007 1. 077 3. 097 182 60 
LB-MUL (GRID) 1 .007 0. 008 1. 799 8. 131 2784 15 
LC-MUL (GRID) 1 .007 0. 009 2. 434 15. 755 2784 15 
LG-MUL (GRID) 1 . 006 0. 007 1. 339 4. 210 2784 15 
LR-MUL (GRID) 1 . 005 0. 006 0. 892 2. 694 2784 15 
LS-MUL (GRID) 1 . 007 0. 008 1. 313 4. 539 2784 15 
LB 1 .024 0. 049 9. 882 154. 788 558 
LC 1 .041 0. 194 14. 183 228. 758 585 
LR 1 .019 0. 058 15. 939 315. 859 542 
LS 1 .007 0. 015 5. 723 52. 507 585 
LB3 1 .035 0. 091 14. 088 282. 608 1184 
LC3 1 .049 0. 310 13. 954 224. 741 1026 
F65 (GRID) 1 .011 0. 025 5. 918 55. 035 4096 10 
F33 (GRID) 1 .007 0. 014 4. 670 32. 241 1024 20 
F17 (GRID) 1 .005 0. 008 3. 220 14. 535 256 40 
FB-MUL (GRID) 1 .004 0. 008 5. 118 42. 537 4096 10 
FC-MUL (GRID) 1 .004 0. 008 7. 255 78. 013 4096 10 
FG-MUL (GRID) 1 .003 0. 006 5. 616 53. 336 4096 10 
FS-MUL (GRID) 1 .004 0. 005 4. 275 35. 065 4096 10 
FB 1 .014 0. 032 6. 165 55. 848 554 
FC 1 .014 0. 037 6. 108 48. 819 554 
FS 1 .011 0. 021 3. 695 19. 621 554 
FB3 1 . 025 0. 057 10. 640 190. 004 1170 
FC3 1 .018 0. 051 7. 903 88. 914 1048 
Table 4.7 Comparative r e s u l t s of p o i n t and g r i d d e d s u r f a c e 
area analyses u s i n g u n t r a n s f o r m e d s t a t i s t i c s . 
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F i g u r e 4.10 Su r f a c e a r e a a n a l y s i s d i s t r i b u t i o n - p o i n t data 
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p a r a m e t e r s , t h e skewness and k u r t o s i s v a l u e s a r e c o n s i d e r a b l y 
s m a l l e r t h a n t h e s i m i l a r INCH d a t a s e t - t h e r e f o r e 
i n c o n s i s t e n c y . The LIAN p o i n t d a t a s e t g i v e s p e r h a p s t h e most 
v a r i e d r e s u l t s and t h e p a r a m e t e r s p r o v i d e a v e r y t e n u o u s 
c o n s i s t e n c y . Means and s t a n d a r d d e v i a t i o n s a r e d i s t i n c t i v e l y 
l a r g e r t h a n w i t h t h e FORV d a t a and s m a l l e r t h a n INCH d a t a , 
a l t h o u g h skewness and k u r t o s i s seem t o t a l l y u n p r e d i c t a b l e and 
t h e r e s u l t s d i f f i c u l t t o comprehend. Skewness and k u r t o s i s 
r a n g e w i d e l y t h e l a t t e r f r o m 52 t o 315, t h u s t h e r e s u l t s seem 
h i g h l y d e p e n d e n t on d a t a . F i n a l l y INCH, w i t h t h e e x c l u s i o n o f 
t h e i n c r e a s e d CONTOUR s u b s e t ( I C 3 ) , f o l l o w s a s i m i l a r p a t t e r n 
t o FORV d a t a o n l y w i t h h i g h e r v a l u e s . Thus, i n summary, t h e 
t h r e e s u r f a c e s a r e s t i l l d i s t i n g u i s h a b l e and seem t o be 
i n f l u e n c e d m a r g i n a l l y by i n c r e a s e s i n d a t a s e t s i z e s . 
The d i f f e r e n t i a t i o n o f d a t a s u b s e t s i s much more d i f f i c u l t . 
BREAKLINE and CONTOUR d a t a seem t o p r o d u c e s i m i l a r r e s u l t s 
w i t h i n any s u r f a c e t y p e , w i t h t h e e x c l u s i o n o f IC3 and FB3. 
RIVER d a t a , w h i l e p r o d u c i n g v a r i e d means and s t a n d a r d 
d e v i a t i o n s , p r o d u c e c o n s i s t e n t l y s m a l l e r v a l u e s f o r skewness 
and k u r t o s i s t h a n any o t h e r d a t a t y p e . SCATTER d a t a p r o d u c e 
more v a r i e d r e s u l t s , and t h u s no d e f i n i t i v e p a t t e r n e merges. 
C o m p a r i n g t h e DTSA and SA r e s u l t s and t h u s t h e a b i l i t y o f 
p o i n t d a t a t o match g r i d d e d d a t a , I t i s a p p a r e n t t h a t b o t h 
methods do n o t p r o d u c e i d e n t i c a l r e s u l t s . W h i l e b o t h methods 
c r e a t e an a b i l i t y t o d e f i n e each s u r f a c e t y p e f r o m t h e 
p a r a m e t e r s , t h i s i s o f t e n f o r d i f f e r i n g r e a s o n s . Mean and 
s t a n d a r d d e v i a t i o n s p r o d u c e d by t h e two p r o g r a m s b r o a d l y 
f o l l o w s i m i l a r p a t t e r n s , b u t v a r y i n m a g n i t u d e . Skewness and 
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k u r t o s i s a r e c o m p l e t e l y d i f f e r e n t and k u r t o s l s seems 
e s p e c i a l l y h i g h l y v a r i a b l e w i t h p o i n t d a t a - as a r e s u l t o f 
e x t r e m e o u t l i e r s and p o o r d a t a d i s t r i b u t i o n s . W i t h i n any one 
s u r f a c e , s i m i l a r p a t t e r n s emerge f o r d a t a t y p e s . M a g n i t u d e s 
may be r a d i c a l l y i n c r e a s e d , b u t s i m i l a r p a t t e r n s a r e a t w o r k 
f o r c o m p a r i n g skewness and k u r t o s i s f o r i n t e r p o l a t e d g r i d s 
a g a i n s t p o i n t d a t a . Thus i t i s s u g g e s t e d t h a t p o i n t and 
g r i d d e d d a t a s u r f a c e a r e a p a r a m e t e r s do r e a c t s i m i l a r l y , 
a l t h o u g h t h e use o f i n t e r p o l a t e d g r i d s a p p e a r s t o f i l t e r o u t 
some o f t h e e x t r e m e n e s s f r o m t h e p o i n t d a t a p a r a m e t e r s . 
However, t h i s e x t r e m e n e s s may w e l l be a m e a n i n g f u l a d v a n t a g e 
o f p o i n t d a t a . 
W h i l e t h e f o u r p a r a m e t e r s f o r m a f a i r l y c o m p r e h e n s i v e 
d e s c r i p t o r o f t h e t e r r a i n , t h e i r g l o b a l c o n s i s t e n c y i s 
l i m i t e d . I d e a l l y , e x c l u d i n g any s c a l e d i f f e r e n c e b e t w e e n t h e 
g r i d and p o i n t r e s u l t s , s i m i l a r p a t t e r n s s h o u l d emerge f o r t h e 
d a t a s e t s . W h i l e t h e s e do o c c u r when c o n s i d e r i n g c e r t a i n 
i t e m s , t h e y a r e by no means u n i v e r s a l t o t h e method^ i n t e r m s 
o f g r i d d a t a p r o d u c i n g e x a c t l y t h e same r e s p o n s e as p o i n t 
d a t a , and t h u s t h e c o n s i s t e n c y must be c o n s i d e r e d p o o r . 
4.4.4 D i s p e r s i o n V e c t o r s 
The use o f d i s p e r s i o n v e c t o r s f o r m e a s u r i n g s u r f a c e 
r o u g h n e s s was s u g g e s t e d by Hobson ( 1 9 6 7 ) and d i s c u s s e d by 
T u r n e r and M i l e s ( 1 9 6 8 ) . C a l c u l a t i o n o f v e c t o r d i s p e r s i o n 
w i t h i n t h i s t h e s i s i n v o l v e d t h e i m p l e m e n t a t i o n o f a p r o g r a m 
'VECTOR', a m o d i f i c a t i o n o f t h e s i m i l a r l y - n a m e d Hobson 
p r o g r a m . The p r o g r a m r e q u i r e s t h e i n p u t o f a r e g u l a r g r i d o f 
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h e i g h t s , f r o m w h i c h i s d e r i v e d a s e t o f t r i a n g u l a r p l a n a r 
s u r f a c e s d e f i n e d by a d j a c e n t g r i d n o d e s . The p a r a m e t e r s , t o t a l 
v e c t o r s t r e n g t h ( R l ) ; s t a n d a r d i s e d v e c t o r s t r e n g t h ( R ) ; 
d i s p e r s i o n f a c t o r ( K ) and t e r r a i n v a r i a b i l i t y measure ( V ) a r e 
s u b s e q u e n t l y d e r i v e d f r o m t h e s e t r i a n g u l a r s u r f a c e s . 
On c o n s i d e r i n g t h e R l , R, K and V p a r a m e t e r s p r o d u c e d f r o m 
t h e INCH, FORV and LIAN o b s e r v e d and i n t e r p o l a t e d g r i d s ( s e e 
T a b l e 4 . 8 ) , two main f a c t o r s were f o u n d t o be c o n t r i b u t o r y t o 
t h e r e s u l t s , -namely, g r i d s i z e / r e s o l u t i o n and s u r f a c e t y p e . 
Over t h e t h r e e d a t a s u r f a c e s , d e c r e a s i n g t h e g r i d r e s o l u t i o n 
and t h u s d e c r e a s i n g t h e number o f g r i d nodes has t h e e f f e c t o f 
i n c r e a s i n g b o t h t h e s t a n d a r d i s e d v e c t o r s t r e n g t h ( R ) and 
d i s p e r s i o n f a c t o r ( K ) . I n a d d i t i o n , t h i s d e c r e a s e s t h e 
v a r i a b i l i t y f a c t o r ( V ) w h i c h i s com p u t e d f r o m t h e i n v e r s e o f 
l o g ( K ) , a l t h o u g h t h e e f f e c t i s l e s s m a r k e d . I t i s t h e r e f o r e 
e s s e n t i a l t h a t some k n o w l e d g e o f g r i d r e s o l u t i o n i s r e q u i r e d 
b e f o r e d i f f e r e n t samples a r e compared by t h i s m e t h o d . 
I n g e n e r a l - even a f t e r m a k i n g a l l o w a n c e s f o r g r i d 
s t a n d a r d i s a t i o n - t h e v a r i a b i l i t y f a c t o r s p r o d u c e d f o r e ach 
s u r f a c e a r e c o n s i s t e n t w i t h i n s u r f a c e t y p e , and m a r k e d l y 
d i f f e r e n t b e t w e e n s u r f a c e t y p e s . FORV d a t a p r o d u c e l o w V 
v a l u e s ( a p p r o x i m a t e l y 12) s u g g e s t i n g a r e l a t i v e l y s m ooth 
s u r f a c e r a n g i n g somewhere b e t w e e n T u r n e r ' s ' k a r s t p l a i n ' and 
' p l a t e a u ' t e r r a i n t y p e s ( T a b l e 4 . 1 ) . LIAN d a t a s u g g e s t a 
r o u g h e r s u r f a c e ( a p p r o x i m a t e l y 41) e q u i v a l e n t t o T u r n e r ' s 
' h i l l ' c l a s s i f i c a t i o n . F i n a l l y INCH d a t a p r o d u c e t h e r o u g h e s t 
V v a l u e ( a p p r o x i m a t e l y 105) w h i c h f a l l s o u t s i d e t h e 
' e s c a r p m e n t ' c l a s s i f i c a t i o n . S i n c e t h e s t a n d a r d d e v i a t i o n s o f 
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DATASET SIZE RANGE R l R K V 
SMOOTH HIGH HIGH 
ROUGH LOW LOW 
149 49x49 180. 9 4470 0. 9705 33. 90 118. 2 
125 25x25 180. 9 1140 0. 9753 40. 40 112. 6 
113 13x1 3 178. 3 286 0. 9805 5 1 . 23 104. 3 
IB-MUL 4 9x49 179. 9 4523 0. 9819 55. 13 103. 3 
IC-MUL 49x49 178. 6 4519 0. 9811 52. 86 103. 6 
1G-MUL 4 9x49 179. 4 4520 0. 9812 53. 12 103. 9 
IR-MUL 49x49 178. 3 4519 0. 9809 52. 37 103. 7 
IS-MUL 49x49 180. 0 4514 0. 9800 49. 88 106. 0 
L49 49x59 9 1 . 7 5316 0. 9896 96. 22 46. 2 
L25 25x30 9 1 . 5 1333 0. 9919 123. 42 43. 7 
L13 13x15 86. 6 334 0. 9939 163. 98 39. 1 
LB-MUL 49x59 90. 4 5525 0. 9931 144. 86 4 1 . 8 
LC-MUL 49x59 92. 3 5526 0. 9931 145. 89 42. 6 
LG-MUL 49x59 89. 1 5532 0. 9943 174. 52 39. 7 
LR-MUL 49x59 90. 3 5535 0. 9948 1 9 1 . 63 39. 5 
LS-MUL 49x59 90. 1 5527 0. 9934 150. 89 4 1 . 3 
F65 65x65 30. 1 7846 0. 9896 96. 38 15. 1 
F33 33x33 29. 6 2034 0. 9933 148. 63 13. 6 
F17 17x17 29. 6 510 0. 9955 219. 49 12. 6 
FB-MUL 6 5x65 29. 1 8145 0. 9957 232. 21 12. 3 
FC-MUL 6 5x65 27. 6 8151 0. 9964 277. 37 1 1 . 3 
FG-MUL 65x65 29. 0 8154 0. 9968 313. 20 1 1 . 6 
FS-MUL 6 5x65 28. 3 8152 0. 9965 284. 32 1 1 . 5 
T a b l e 4.8 R e s u l t s o f v e c t o r d i s p e r s i o n a n a l y s i s 
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t h e s e v a l u e s w i t h i n any s u r f a c e t y p e a r e r e m a r k a b l y l o w , t h i s 
a p p e a r s t o g i v e an e x c e l l e n t s i n g l e s u r f a c e r o u g h n e s s 
d e s c r i p t o r . 
The v a r i a b i l i t y f a c t o r i s n o t t h e o n l y p a r a m e t e r computed 
an d , w h i l e i t c l e a r l y d i f f e r e n t i a t e s s u r f a c e t y p e , i t s 
d e s c r i p t i v e power i s i n c r e a s e d by t h e use o f R and K v a l u e s . 
INCH i n t e r p o l a t e d d a t a p r o d u c e d i s t i n c t i v e R and K v a l u e s 
(means o f 0.9810 and 5 2 . 7 ) . LIAN ( 0 . 9 9 3 7 and 161.6) and FORV 
(0 . 9 9 6 3 and 276.8) p r o d u c e more s i m i l a r R s t a t i s t i c s , a l t h o u g h 
a f t e r s t a n d a r d i s a t i o n , b o t h R and K v a l u e s i n c r e a s e f o r FORV 
and t h u s t h e two s u r f a c e s become more d i s t i n c t , t h e v e c t o r 
s t r e n g t h s (R) and d i s p e r s i o n f a c t o r s ( K ) d i f f e r i n g more 
s i g n i f i c a n t l y . 
C o n s i d e r i n g t h e d a t a s u b s e t s , no s i g n i f i c a n t p a t t e r n s 
emerge w i t h i n t h e s u r f a c e s ( s e e T a b l e s 4.8 and 4 . 9 ) . For 
e x a m p l e , CONTOUR, GRID and RIVER d a t a p r o d u c e v e r y s i m i l a r 
r e s u l t s i n t h e INCH s u r f a c e a l t h o u g h CONTOUR r e s u l t s a r e 
s i m i l a r t o BREAKLINE and SCATTER r e s u l t s i n L I A N , and d i f f e r 
f r o m t h e o t h e r d a t a s e t s i n FORV. S i m i l a r l y , SCATTER d a t a 
p r o d u c e d i s t i n c t i v e r e s u l t s w i t h t h e INCH s u r f a c e , i s s i m i l a r 
t o BREAKLINE and CONTOUR I n LIAN and s i m i l a r t o GRID r e s u l t s 
i n FORV. Thus, as a p o s s i b l e r e s u l t o f e i t h e r t o o much 
i n t e r p o l a t i o n ' n o i s e ' o r a b a s i c l a c k o f c o n s i s t e n t 
s i g n i f i c a n t d i f f e r e n c e s , t h i s d e s c r i p t o r c a n n o t d i s t i n g u i s h 
b e t w e e n t h e d i f f e r e n t d a t a s u b s e t s s a t i s f a c t o r i l y . 
4.4.5 P o l n t w i s e P o l y n o m i a l s 
An i n t e g r a l p a r t o f t h e " I n t e g r a t e d s y s t e m o f t e r r a i n 

























a n a l y s i s and s l o p e m a p p i n g " d i s c u s s e d by Evans ( 1 9 7 9 ) i s t h e 
p r o g r a m ~GEOD", d e s c r i b e d and documented by Young ( 1 9 7 8 ) . T h i s 
p r o g r a m was a c c e s s e d a t NUMAC ( s e e A l . 3 - 3 ) and used t o p r o d u c e 
t h e p o i n t w i s e p o l y n o m i a l d e c r i p t o r s ( s e e T a b l e s 4-10a-e) as 
d i s c u s s e d e a r l i e r . S c a t t e r g r a m s , h i s t o g r a m s and h a c h u r e maps 
a r e a l s o p r o d u c e d by t h i s p r o g r a m t o i l l u s t r a t e t h e t a b u l a r 
i n f o r m a t i o n b u t , s i n c e t h e y d u p l i c a t e much o f t h e r e l e v a n t 
s t a t i s t i c s , t h e y w i l l n o t be c o n s i d e r e d h e r e , e s p e c i a l l y s i n c e 
t h e y f o r m a v e r y b u l k y f o r m o f s t a t i s t i c a l p r e s e n t a t i o n . 
I n s t e a d , t h e l i m i t e d d i s c u s s i o n w i l l r e v o l v e a r o u n d t h e 
summary t a b l e s . I t s h o u l d be n o t e d t h a t t h e p r o g r a m , I n 
c o m p u t i n g k u r t o s i s v a l u e s , s u b t r a c t s a c o n s t a n t v a l u e o f 3.0 
f r o m t h e c o mputed v a l u e , so t h a t t h e G a u s s i a n e x p e c t a n c y i s 
z e r o . A l l u n i t s a r e as s p e c i f i e d i n t h e r e l e v a n t t a b l e s . The 
summary s t a t i s t i c s w i l l be r e v i e w e d i n o r d e r t o e l u c i d a t e 
t h e i r g e o m o r p h i c m e a n i n g . 
T h i s f o r m o f s u r f a c e c h a r a c t e r i s t i c s t a t i s t i c may have 
b e n e f i t t e d f r o m a p p l y i n g t r a n s f o r m a t i o n s t o t h e p a r a m e t e r 
d i s t r i b u t i o n s , however t h e s e were n o t a p p l i e d . As n o t e d 
e a r l i e r , Evans ( 1 9 7 9 ) s u g g e s t e d t h a t t h e r e i s no u n i q u e 
t r a n s f o r m a t i o n w h i c h may a p p l i e d t o g i v e c o n s i s t e n t l y i m p r o v e d 
r e s u l t s ; s u c h an i n v e s t i g a t i o n w o u l d have been v e r y l e n g t h y 
and w o u l d n o t have been c e n t r a l t o t h i s t h e s i s . F i n a l l y , as 
s u g g e s t e d by r e s u l t s I n t h e s e c t i o n on s u r f a c e a n a l y s i s , t h e 
r e s u l t a n t b e n e f i t s seem l i k e l y t o be s m a l l and w o u l d remove 
t h e a b i l i t y t o c o n s i d e r u n t r a n s f o r m e d skewness as a v a l u a b l e 
s t a t i s t i c a l d e s c r i p t o r . 
A l t i t u d e p a r a m e t e r s ( T a b l e 4.10a) show few i m p o r t a n t 
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AREA MEAN S. D. SKEWNESS KURTOSIS MAX MIN 
149 160. 7 43. 6 -0.275 -0.757 252 71 
125 159.9 42.8 -0.266 -0.740 250 73 
113 167.8 19.2 -0.837 -0.523 213 143 
I B -MUL 159. 6 41.9 -0.298 -0.686 246 69 
I C -MUL 158.8 42.0 -0.291 -0.749 246 70 
IG-MUL 159.1 41.8 -0.268 -0.711 250 73 
IR-MUL 150.4 43.5 -0.109 -0.948 246 71 
I S -MUL 160.0 41.7 -0.285 -0.687 250 71 
L49 84. 1 20.8 1.116 0. 181 151 63 
L25 84. 3 21.1 1.121 0. 189 151 64 L13 83.0 19.3 1.097 0. 125 140 65 LB -MUL 83.2 20. 9 1.116 0. 205 151 63 
LC-MUL 83.9 20.4 1.116 0. 198 146 59 LG-MUL 83.9 20. 7 1. 120 0.175 150 64 
LR-MUL 83.2 20.7 1. 197 0. 520 152 64 
LS-MUL 83.8 20. 9 1.113 0.200 152 64 
F65 38. 8 5.1 0. 740 0.810 55 26 F33 38. 9 5.1 0. 730 0.755 55 26 F17 38. 9 4.9 " 0.740 0.775 54 28 FB -MUL 39. 7 5.3 0.380 -0. 194 55 26 
FC-MUL 39. 1 4.8 0.690 0.780 54 27 FG -MUL 38.9 5.0 0.690 0.825 55 26 FS-MUL 39. 3 5.0 0.410 0. 544 54 26 
T a b l e 4.lOa R e s u l t s of p o i n t w i s e p o l y n o m i a l s 
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f e a t u r e s o f t h e l a n d s c a p e . Evans s u g g e s t s t h a t mean a l t i t u d e 
i s o f use p u r e l y as a l o c a t i o n d e s c r i p t o r . A l t e r n a t i v e l y , 
v a r i a b i l i t y i s r e p r e s e n t e d by s t a n d a r d d e v i a t i o n , and t h i s 
shows two i m p o r t a n t f e a t u r e s . V a r i a b i l i t y v a r i e s w i t h s c a l e , 
t h u s t h e c o a r s e r r e s o l u t i o n DEMs have a l o w e r s t a n d a r d 
d e v i a t i o n , a l t h o u g h t h i s i s m a r g i n a l l y so w i t h FORV. 
A d d i t i o n a l l y , w i t h t h e m i n o r e x c e p t i o n s o f FORV-BREAKLINE and 
INCH-RIVER, t h e o t h e r s u r f a c e p a t t e r n s a r e r e m a r k a b l y 
c o n s i s t e n t , s u g g e s t i n g INCH d a t a s e t s ( 4 2 ) a r e more v a r i a b l e 
t h a n L I A N ( 2 0 ) and FORV ( 5 ) . 
The skewness and k u r t o s i s v a l u e s s u g g e s t more a b o u t t h e 
d i s t r i b u t i o n w i t h i n t h e a l t i t u d e m a t r i x . INCH has w e a k l y 
n e g a t i v e skewness and k u r t o s i s v a l u e s , s u g g e s t i n g a s l i g h t 
d o m i n a n c e o f h i g h e r v a l u e s and t h u s a p l a t e a u e f f e c t . LIAN has 
s m a l l p o s i t i v e skewness caused by a p r e d o m i n a n c e o f l o w 
v a l u e s i n t h e r i v e r b a s i n , and an a l m o s t n o r m a l k u r t o s i s ( w i t h 
t h e n o t a b l e e x c e p t i o n o f r i v e r d a t a ) . FORV d a t a show a s m a l l e r 
s k e w n e s s , s u g g e s t i n g a s l i g h t i n s e l b e r g a p p e a r a n c e s t r e s s e d by 
t h e s t r o n g e s t k u r t o s i s v a l u e s . L i t t l e d a t a s e t d i s c r i m i n a t i o n 
may be e s t a b l i s h e d u s i n g a l t i t u d e . 
G r a d i e n t s t a t i s t i c s ( T a b l e 4.10b) show a s i m i l a r 
t w o - f e a t u r e a p p e a r a n c e , w i t h a g e n e r a l a b s o l u t e d e c r e a s e f o r 
a l l p a r a m e t e r s as a d i r e c t r e s u l t o f d e c r e a s i n g r e s o l u t i o n . I n 
a d d i t i o n , t h e t h r e e s u r f a c e s may be e a s i l y d i s c e r n e d . Evans 
( 1 9 7 9 , 4 4 ) p r o p o s e d t h a t "mean g r a d i e n t s i n c r e a s e i n l i n e w i t h 
v a r i a b i l i t y o f a l t i t u d e " . I n a c c o r d a n c e w i t h t h i s , INCH shows 
most v a r i a b i l i t y , w h i l e LIAN i s m a r g i n a l l y more v a r i a b l e t h a n 
FORV. T h i s i s e m p h a s i s e d on c o n s i d e r i n g s t a n d a r d d e v i a t i o n , 
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AREA MEAN S.D. SKEWNESS KURTOSIS MAX MIN 
149 10.2 5.9 0.964 1.157 38 0 
125 9. 1 5.0 0.898 0. 708 28 0 
113 3.7 2.0 0.697 -0.151 9 0 
IB -MUL 9.3 4.9 0.991 1.145 31 0 
I C -MUL 9.5 5. 1 0.892 0.919 32 0 
IG-MUL 9.4 5.1 0. 904 0. 803 28 0 
IR-MUL 9.7 5.1 0.611 0.299 33 0 
I S -MUL 9.7 5.2 0.697 0. 192 32 0 
L49 5.5 3.9 0. 546 -0.685 20 0 
L25 5.0 3.6 0.351 -1.158 14 0 
L13 4.6 3.5 0.254 -1.275 1 1 0 
LB -MUL 5.2 3.7 0.351 -1.042 19 0 
LC .-MUL 5.2 3.6 0.422 -0.870 16 0 
LG-MUL 4.9 3.6 0.456 -0.991 14 0 
LR-MUL 4.7 3.4 0.246 -1.315 12 0 
LS-MUL 5.2 3.7 0. 300 -1.115 15 0 
F65 4.5 4.1 2.182 6. 697 31 0 
F33 3. 7 2.9 1.577 3.776 18 0 
F17 3.0 1.8 0.714 0. 025 8 0 
FB .-MUL 4. 1 3.0 1.822 5.150 24 0 
FC-MUL 3.7 2.9 1.872 5.890 23 0 
FG .-MUL 3.6 2.6 1.452 3.517 20 0 
FS-MUL 3.9 2.6 1.077 1.460 18 0 
T a b l e 4.10b R e s u l t s of p o l n t w i s e p o l y n o m i a l s 
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a l t h o u g h t h e m a g n i t u d e s a r e more m a r g i n a l . Skewness o f 
g r a d i e n t i s p o s i t i v e i n a l l c ases s u g g e s t i n g a domi n a n c e o f 
l o w e r g r a d i e n t s . FORV has t h e h i g h e s t s k e w n e s s , s u g g e s t i n g a 
v e r y f l a t a r e a w i t h a few sudden r i s e s s u g g e s t e d by t h e h i g h e r 
k u r t o s i s v a l u e s ( a l t h o u g h one s h o u l d be wa r y o f r e a d i n g t o o 
much i n t o t h e k u r t o s i s s t a t i s t i c due t o t h e h i g h e r s k e w n e s s ) . 
L I A N , w i t h l o w p o s i t i v e skewness and n e g a t i v e k u r t o s i s , 
r e f l e c t s t h e more even d i s t r i b u t i o n o f s l o p e a c r o s s t h e 
s u r f a c e , w i t h t h e skewness a r e s u l t o f t h e p r e s e n c e and 
l o c a t i o n o f t h e r i v e r b a s i n ^ and k u r t o s i s a r e s u l t o f t h e 
b i m o d a l g r a d i e n t d i s t r i b u t i o n c a u s e d by t h e two d i f f e r e n t 
t e r r a i n l i n e a r s l o p e s ( s e e F i g u r e 3 . 3 c ) . F i n a l l y , INCH has a 
m o d e r a t e p o s i t i v e skewness and k u r t o s i s r e s u l t i n g f r o m t h e 
p l a t e a u e f f e c t w i t h a p r e p o n d e r a n c e o f t o p s and v a l l e y f l o o r s 
o v e r t h e v a l l e y s i d e s . I n summary, l i t t l e c o n s i s t e n c y e x i s t s 
b e t w e e n d a t a s e t s , a l t h o u g h a l l o f t h e p a r a m e t e r s may be used 
t o d i f f e r e n t i a t e s u r f a c e t y p e . 
A s p e c t ( T a b l e 4 . 10c) p r o d u c e s p e r h a p s t h e most d i s t i n c t 
o o 
c o n s i s t e n c y . Mean v a l u e s , w h i c h n a t u r a l l y v a r y f r o m 0 - 360, 
a r e o f l e a s t i m p o r t a n c e s i n c e t h e o r i e n t a t i o n o f t h e model i s 
a r b i t r a r y . N e v e r t h e l e s s , INCH ( 7 5 ) may be c o n s i d e r e d 
p r e d o m i n a n t l y ENE f a c i n g LIAN ( 2 0 8 ) SSW f a c i n g , and FORV 
( 1 7 0 ) SSE. More i m p o r t a n t a r e v e c t o r s t r e n g t h s - INCH has t h e 
most v a r i e d o r i e n t a t i o n ( 0 . 2 9 ) , FORV i s m a r g i n a l l y l e s s v a r i e d 
( 0 . 3 3 ) , b u t LIAN i s v e r y d I r e c t i o n a 1 l y o r i e n t a t e d ( 0 . 5 0 ) 
e s s e n t i a l l y o n l y a SSW f a c i n g h i l l - s l o p e . T h i s s u r f a c e 
d i f f e r e n t i a t i o n becomes r e m a r k a b l y c o n s i s t e n t when ' g r a d i e n t 
w e i g h t e d ' v a l u e s a r e c o n s i d e r e d , w i t h s t r e n g t h s i d e n t i c a l f o r 
any d a t a s e t w i t h i n a p a r t i c u l a r s u r f a c e . 
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AREA UNIT VECTORS GRADIENT WEIGHTED NO. RESO 
MEAN STRENGTH MEAN STRENGTH 
149 67 . 9 0.25 61.5 0.05 2209 30 
125 70. 9 0.30 63.7 0.05 576 60 
113 99. 5 0.31 121.5 0.03 121 120 
IB -MUL 75.6 0. 29 65. 3 0.05 2209 30 
I C -MUL 78.6 0. 29 64. 7 0.05 2209 30 
IG-MUL 75.6 0.28 65. 2 0.05 2209 30 
IR-MUL 77.4 0.29 64.8 0.05 2209 30 
I S -MUL 75.7 0.29 65.0 0.05 2209 30 
L49 205.4 0.49 209.0 0.07 2679 15 
L25 206. 2 0.51 209. 2 0.07 696 30 
L13 198. 6 0.53 207. 3 0.07 143 60 
LB -MUL 204. 3 0. 50 208. 5 0.07 2679 15 
LC .-MUL 197.4 0.49 208. 3 0.07 2679 15 
LG-MUL 203. 3 0. 50 209. 3 0.07 2679 15 
LR-MUL 202.3 0. 57 209. 7 0.07 2679 15 
LS-MUL 204. 1 0. 50 209. 2 0.07 2679 15 
F65 168. 5 0.33 174.0 0.02 3969 10 
F33 168. 5 0.36 171.5 0.02 961 20 
F17 170.7 0.36 170. 4 0.02 225 40 FB -MUL 176.4 0.27 176.8 0.02 3969 10 
FC-MUL 173.5 0.31 172. 2 0.02 3969 10 
FG -MUL 167. 5 0.34 172.4 0.02 3969 10 FS-MUL 172.0 0. 32 174.0 0.02 3969 10 
T a b l e 4.10c R e s u l t s of p o l n t w i s e p o l y n o m i a l s 
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C o n v e x i t y s t a t i s t i c s a r e much more d i f f i c u l t t o i n t e r p r e t . 
P r o f i l e c o n v e x i t y ( T a b l e 4.10d) c o n t a i n s a g r e a t e r 
w i t h i n - s u r f a c e v a r i a n c e o f most p a r a m e t e r s . The mean v a l u e s 
a r e a l l n e g a t i v e , s u g g e s t i n g an e x c e s s o f c o n c a v i t i e s i n a l l 
d a t a s e t s s i n c e , i f t h e c o n v e x i t i e s b a l a n c e t h e c o n c a v i t i e s , a 
v a l u e o f z e r o i s a p p r o x i m a t e d INCH shows t h e w e a k e s t 
c o n c a v i t y , w h i l e LIAN and FORV show g r e a t e r c o n c a v i t y . The 
s t a n d a r d d e v i a t i o n s a r e s i m i l a r l y v a r i a b l e , a l t h o u g h INCH and 
LIAN v a l u e s s u g g e s t a g r e a t e r d e g r e e o f c o n c a v i t y c o n s i s t e n c y . 
FORV has a l a r g e r s t a n d a r d d e v i a t i o n and t h e r e f o r e s u g g e s t s a 
g r e a t e r v a r i a t i o n o f c o n v e x i t y . INCH has a l o w n e g a t i v e 
skewness and l o w p o s i t i v e k u r t o s i s , s u g g e s t i n g t h a t f r e q u e n t 
g e n t l e c o n v e x i t i e s a r e b a l a n c e d by f e w e r more e x t r e m e 
c o n c a v i t i e s . LIAN and FORV have s i m i l a r l y l o w p o s i t i v e 
skewness and h i g h e r p o s i t i v e k u r t o s i s , s u g g e s t i n g f r e q u e n t 
h i g h c o n c a v i t i e s and f e w e r e x t r e m e c o n v e x i t i e s . I n summary, 
l i t t l e c o n s i s t e n c y e x i s t s w i t h i n any s u r f a c e a l t h o u g h a c r o s s 
s u r f a c e s a l i m i t e d d e g r e e o f s i m i l a r i t y e x i s t s b e t w e e n t h e 
d a t a s u b s e t s f o r s t a n d a r d d e v i a t i o n -
P l a n c o n v e x i t y ( T a b l e 4.1Oe) i s more d i f f i c u l t t o e x p r e s s , 
e s p e c i a l l y s i n c e e x t r e m e skewness s t a t i s t i c s i n v a l i d a t e t h e 
o t h e r s t a t i s t i c s t o a g r e a t e x t e n t . A g a i n , mean v a l u e s s h o u l d 
be z e r o i f c o n v e x i t y b a l a n c e s c o n c a v i t y , t h u s w h i l e INCH and 
LIAN i l l u s t r a t e c o n c a v e s u r f a c e s , FORV p r e d o m i n a t e s w i t h 
c o n v e x i t y . S t a n d a r d d e v i a t i o n s a r e s i m i l a r l y l a r g e f o r ea c h 
s u r f a c e a l t h o u g h FORV has t h e g r e a t e s t v a r i a b i l i t y . Skewness 
w i t h i n each s u r f a c e shows most I n c o n s i s t e n c y and I s h i g h l y 
v a r i a b l e s i m i l a r l y a f f e c t i n g k u r t o s i s v a l u e s . Thus, s i m i l a r 
t o p r o f i l e c o n v e x i t y , t h i s p a r a m e t e r shows p o o r s u r f a c e 
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AREA MEAN S.D. SKEWNESS KURTOSIS MAX MIN 
149 -1.1 21.9 -0.491 2.791 91 -108 
125 -0.8 10.2 -0.246 1 . 345 37 -42 
113 -0.4 2.3 0.451 0.365 6 -6 
IB -MUL -1.0 10.0 -0.168 5.914 73 -65 
I C -MUL -0.9 9.7 -0.795 4. 800 56 -60 
IG-MUL -0.9 9.9 -0.439 4. 979 51 -71 
IR-MUL -1. 7 7.2 -0.762 7. 265 41 -63 
I S -MUL -0.8 11.1 -0.661 5. 321 56 -78 
L49 -1. 5 26.9 0.641 5. 367 226 -115 
L25 -1. 2 9.5 0.645 6.558 64 -43 
L13 -1.3 3.1 -0.178 0.899 9 -11 
LB -MUL -2.0 12.4 1.321 13. 139 104 -64 
LC. -MUL -2.5 11.1 0.801 10.280 94 -80 
LG-MUL -1 . 1 7.3 0.725 8.115 62 -47 
LR-MUL -1.4 4.5 0.935 10.227 35 -29 
LS-MUL -1 . 6 10.7 1.487 12.456 79 -70 
F65 -4. 1 55.8 1.012 9. 199 430 -278 
F33 -3.0 22.9 0.407 6.972 124 -142 
F17 -1.5 9.9 0.490 3.972 50 -38 
FB -MUL -1. 8 20.4 0. 606 11.933 176 -130 
FC-MUL -2.0 18.1 1.419 19.838 200 -137 
FG -MUL -1. 9 14.5 0.849 17.624 182 -116 
FS-MUL -1. 9 15.9 0.689 11.468 124 -145 
T a b l e 4.lOd R e s u l t s of p o i n t w i s e p o l y n o m i a l s 
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AREA MEAN S.D. SKEWNESS KURTOSIS MAX MIN 
149 -12.8 254.8 -8. 881 212. 131 1839 -6728 
125 -13.8 118.2 -9. 860 162. 501 265 -2080 
113 -1 . 4 57.0 -1. 550 13. 256 235 -346 
I B -MUL -13.3 133.1 -10. 933 236. 625 785 -3461 
I C -MUL -13.7 137.1 -9. 641 197. 935 1260 -3105 
IG-MUL -10.5 132.6 -12. 429 329. 373 958 -3832 
IR-MUL -10.7 68.0 -1. 075 42. 810 937 -678 
I S -MUL -11.1 241.9 -20. 245 835. 244 3379 -8850 
L49 91.3 5361 .0 50. 141 2564. 395 103561 -8616 
L25 -0.6 413.7 - 3 . 764 76. 715 3342 -6064 
L13 -7.3 227.4 4. 460 43. 013 2016 -654 
LB -MUL -2.6 201 .8 6. 517 151 . 414 4800 -2039 
LC. -MUL -21.5 236. 2 2. 139 156. 545 5480 -3403 
LG-MUL -11.6 302.4 -10. 501 306. 522 2463 -8960 
LR-MUL -13.2 222 .4 -3 . 766 83. 157 2356 -3791 
LS-MUL -5.0 287. 7 -8. 776 357. 413 4539 -8780 
F65 103.9 3665.7 52. 741 3130. 228 1O0325 -10536 
F33 58. 3 730.7 4. 242 82. 574 11316 -7200 F17 43. 8 323.7 4. 026 26. 822 2765 -741 
FB -MUL 2.6 542.8 -4. 365 104. 970 6499 -115 30 
FC-MUL 12.0 452. 5 -0. 038 192. 478 8810 -10977 
FG -MUL 10.9 448. 2 2. 243 114. 080 9207 -8215 
FS-MUL 8. 1 416.8 5. 330 150. 991 11145 -4420 
T a b l e 4.10e R e s u l t s of p o i n t w l s e p o l y n o m i a l s 
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c o n s i s t e n c y w i t h t h e e x c l u s i o n o f s t a n d a r d d e v i a t i o n , and a 
weak d a t a s e t c o n s i s t e n c y (mean and s t a n d a r d d e v i a t i o n ) . 
O v e r a l l j t h i s method o f s u r f a c e c h a r a c t e r i s t i c e v a l u a t i o n 
p r o v i d e s b o t h a good model d i s c r i m i n a t o r and a weak d a t a s e t 
d i s c r i m i n a t o r . A l t i t u d e p r o v i d e s r e a s o n a b l e s u c c e s s w i t h b o t h 
m odel and d a t a s e t s . The f i r s t d e r i v a t i v e o f a l t i t u d e -
g r a d i e n t (mean and s t a n d a r d d e v i a t i o n ) and a s p e c t (mean) 
p r o v i d e c o n s i s t e n t model d e s c r i p t o r s - e s p e c i a l l y a s p e c t . The 
se c o n d d e r i v a t i v e o f a l t i t u d e - p r o f i l e and p l a n c o n v e x i t y 
a r e weak d a t a s e t d e s c r i p t o r s . 
4.4.6 S c a l e - V a r i a n c e Components 
The s c a l e - v a r i a n c e components were e v a l u a t e d u s i n g t h e 
p r o g r a m 'SCAVAL', ( A l 4 . 2 0 ) , w r i t t e n by t h e a u t h o r and based 
on t h e t h e o r y o f M o e l l e r i n g and T o b l e r ( 1 9 7 2 ) . I n a d d i t i o n , a 
s m a l l p r o g r a m 'SCAPLOT' was w r i t t e n t o g e n e r a t e a g r a p h i c a l 
summary o f t h e r e s u l t s o f SCAVAL ( F i g u r e 4 . 1 1 ) . The l o g / l o g 
g r a p h shows t h e e f f e c t o f d i f f e r e n t r e s o l u t i o n s o f g r i d 
( y - a x i s ) a g a i n s t t h e r e s u l t a n t s c a l e - v a r i a n c e c o m p o nents 
( x - a x i s ) . F or each s u r f a c e , t h e m u l t i q u a d r i c i n t e r p o l a t e d g r i d 
o f t h e s u b s e t s and t h e o b s e r v e d g r i d (REFERENCE) have been 
p l o t t e d . Thus f o r each d a t a s e t , a l i n e may be dr a w n w h i c h 
I l l u s t r a t e s t h e change o f v a r i a n c e o f t h e d a t a o v e r a 
p a r t i c u l a r r a n g e o f r e s o l u t i o n w i t h i n t h a t g r i d . The s t e e p e r 
t h e l i n e , t h e more c o n s t a n t t h e v a r i a n c e i s w i t h i n t h e s e 
r e s o l u t i o n s , s i g n i f y i n g smoothness and h o m o g e n i t y o v e r t h a t 
r a n g e o f s u b - a r e a r e s o l u t i o n s . As t h e l i n e f l a t t e n s , t h e 
v a r i a n c e w i t h i n t h a t r e s o l u t i o n r a n g e i n c r e a s e s , s i g n i f y i n g 
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h e t e r o g e n i t y o v e r t h e r a n g e o f s u b - a r e a r e s o l u t i o n s . I n 
g e n e r a l , a c o n s t a n t g r a d i e n t ( s t r a i g h t l i n e ) s u g g e s t s a 
c o n s t a n t l y c h a n g i n g s u r f a c e and t h u s h o m o g e n l t y . Thus, i n 
c o m p a r i n g c u r v e s , two a s p e c t s must be e x a m i n e d ; 
a. a t t h e g l o b a l l e v e l - t h e l i n e a r i t y o f t h e c u r v e -
b. a t t h e g l o b a l and l o c a l l e v e l - t h e g r a d i e n t o f t h e 
c u r v e j 
On e x a m i n i n g F i g u r e 4 . 1 1 , t h e t h r e e s u r f a c e s a r e q u i t e 
d i s t i n c t , t h u s s u g g e s t i n g t h e b e n e f i t s o f t h i s method o f 
d e s c r i p t o r f o r s u r f a c e i d e n t i f i c a t i o n . 
L I AN shows t h e f l a t t e s t , most l i n e a r f u n c t i o n w i t h 
r e m a r k a b l e c o n s i s t e n c y b e t w e e n d a t a s e t s . A v e r y m i n o r b r e a k 
o f s l o p e does o c c u r a t 90m r e s o l u t i o n ( a ) , f r o m w h i c h p o i n t 
t h e l i n e s m a r g i n a l l y f l a t t e n . T h i s s u g g e s t s t h a t L IAN i s a 
h e t e r o g e n e o u s c o l l e c t i o n o f homogeneous p a t c h e s , w i t h v a r i a n c e 
c o n s i s t e n t w i t h i n any p a t c h The m i n o r b r e a k o f s l o p e i n t h e 
c u r v e a t 90m s u g g e s t s t h a t f r o m t h e n e x t c o a r s e r r e s o l u t i o n 
p l o t t e d (180m) p a t c h e s a r e l e s s homogeneous. T h i s r e l a t e s t o 
t h e b a s i c t o p o g r a p h i c u n i t s o f t h e s u r f a c e - t h e f l a t r i v e r 
b a s i n a p p r o x i m a t e l y 180m w i d e and t h e i n c l i n e d v a l l e y s i d e . 
INCH d a t a i n g e n e r a l show a s i m i l a r t r e n d t o L I A N , w i t h t h e 
e x c e p t i o n o f t h e r e f e r e n c e g r i d . The i n i t i a l v a r i a n c e o f t h e 
c u r v e a t 90m r e s o l u t i o n i s 100m ( c o m p a r e d WitK LIAN - 20m); t h u s 
INCH r e p r e s e n t s a much r o u g h e r s u r f a c e a l t h o u g h t h i s r o u g h n e s s 
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i n c r e a s e s a t a s i m i l a r r a t e t o LIAN - A d d i t i o n a l l y , a 
n o t i c e a b l e b r e a k o f s l o p e o c c u r s a t t h e 360m r e s o l u t i o n ( b ) , 
As t h e s l o p e o f t h e c u r v e i n c r e a s e s a f t e r t h e p o i n t , i t 
s u g g e s t s t h a t more v a r i a n c e o c c u r s b e n e a t h t h e 360/720m 
r e s o l u t i o n t h a n a t t h e more g l o b a l l e v e l . T h i s i n t u r n 
s u g g e s t s t h e o p p o s i t e o f t h e LIAN s i t u a t i o n I s o c c u r r i n g i . e . 
t h e a r e a may be c o n s i d e r e d s u b - d i v i d e d i n t o s i m i l a r l y 
u n d u l a t i n g s u b - a r e a s o f a p p r o x i m a t e l y s i m i l a r mean h e i g h t . 
FORV i s more h e t e r o g e n e o u s t h a n e i t h e r o f t h e p r e v i o u s 
s u r f a c e s . W h i l e t h e r e I s more v a r i a b i l i t y b e t w e e n t h e 
d i f f e r e n t d a t a s u b s e t s t h a n w i t h e i t h e r o f t h e p r e v i o u s two 
s u r f a c e s , t h e r e i s a l s o more v a r i a b i l i t y o f v a r i a n c e a l o n g any 
o f t h e c u r v e s . However I t s h o u l d be s t r e s s e d t h a t t h e v a r i a n c e 
i s m i n o r - o f t h e o r d e r o f 2m t o 15m. U n l i k e INCH and L I A N , 
s e v e r a l b r e a k s o f s l o p e o c c u r . Over t h e v a r i o u s d a t a s e t s , t h e 
speed o f v a r i a n c e d e c r e a s e s up t o 90m ( c ) . T h i s s u g g e s t s t h a t 
t h e s u r f a c e i s h i g h l y v a r i a b l e l o c a l l y , a l t h o u g h t h e s e a r e 
o n l y m i n o r v a r i a t i o n s on i n d i v i d u a l t o p o g r a p h i c u n i t s 
p e r h a p s s m a l l b l o w - o u t s on dunes and f l a t t e r r a i n . Above t h e 
160m ( d ) r e s o l u t i o n g r e a t c o n f l i c t o c c u r s b e t w e e n t h e v a r i o u s 
d a t a s e t s . The l e s s e v e n l y d i s t r i b u t e d d a t a s e t s (SCATTER and 
BREAKLINE) show a s h a r p d e c r e a s e i n i n c r e a s i n g v a r i a n c e , 
s u g g e s t i n g h o m o g e n e i t y o f t h e s e s u b - a r e a s , w h i l e t h e more 
e v e n l y d i s t r i b u t e d d a t a s e t s show an i n c r e a s e i n v a r i a n c e 
s u g g e s t i n g g r e a t e r h e t e r o g e n e i t y a t t h e g l o b a l l e v e l . T h i s i s 
c l e a r l y a r e s u l t o f t h e a b i l i t y o f t h e d a t a s e t s t o d e l i n e a t e 
t h e f e a t u r e s o f t h e s u b - a r e a s , s i n c e t h e f i n a l v a r i a n c e s a t 
320m r e s o l u t i o n a r e r e m a r k a b l y s i m i l a r . 
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U n l i k e t h e a b i l i t y o f t h e s c a l e - v a r i a n c e p r o c e d u r e t o 
d i s t i n g u i s h s u r f a c e s , i t s a b i l i t y t o d i s t i n g u i s h d a t a s u b s e t s 
i s v e r y p o o r . No c o n s i s t e n t p a t t e r n a p p e a r s e i t h e r w i t h i n a 
s u r f a c e , o r b e t w e e n t h e s u r f a c e s , m a i n l y as a r e s u l t o f t h e 
a b i l i t y o f t h e s u b s e t s t o r e p l i c a t e t h e m s e l v e s and t h e 
r e f e r e n c e s u r f a c e e s p e c i a l l y i n t h e case o f LIAN d a t a . 
The INCH r e f e r e n c e g r i d shows a more p r o n o u n c e d d i f f e r e n c e 
f r o m t h e i n t e r p o l a t e d g r i d s and s u g g e s t s t h a t , a t t h e l o c a l 
and g l o b a l l e v e l s , m u l t i q u a d r i c a n a l y s i s smooths w h i l e i t 
i n t e r p o l a t e s . I n a d d i t i o n , t h e p r o b l e m s a s s o c i a t e d w i t h u s i n g 
RIVER s u b s e t s a r e o b v i o u s s i n c e t h i s i n c r e a s e s v a r i a n c e ; t h i s 
i s d i s c u s s e d f u r t h e r i n C h a p t e r 6. 
Many p r o b l e m s e x i s t i n a n a l y s i n g t h e FORV s u b s e t / r e f e r e n c e 
v a r i a b i l i t y . I n d e e d , t h e r e f e r e n c e g r i d was s a m p l e d t w i c e and 
eve n t h i s c o m p a r i s o n b e t w e e n two r e f e r e n c e g r i d s has p r o d u c e d 
a g r e a t e r v a r i a n c e t h a n t h e s u b s e t / r e f e r e n c e v a r i a n c e . (The 
f i n e r r e s o l u t i o n r e f e r e n c e g r i d c u r v e commences on t h e y - a x i s , 
w h i l e t h e c o a r s e r g r i d i s shown by t h e r i g h t m o s t c u r v e . ) The 
c o n c l u s i o n must be t h a t t h e t e c h n i q u e o f a n a l y s i s by 
s c a l e - v a r i a n c e may be t o o s e n s i t i v e f o r s u c h a s m a l l r a n g e o f 
h e i g h t , w i t h o n l y s u b t l e d i f f e r e n c e s e x i s t i n g a c r o s s t h e DEM 
as opposed t o INCH and LIAN. 
I n g e n e r a l , t h e n , t h i s t e c h n i q u e i s an e x c e l l e n t s u r f a c e 
d i s c r i m i n a t o r , b u t v e r y p o o r d a t a s e t d i s c r i m i n a t o r . 
4.5 CONCLUSION 
O v e r a l l , s i x d i f f e r e n t t e c h n i q u e s o f d e s c r i b i n g s u r f a c e 
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c h a r a c t e r i s t i c s o r r o u g h n e s s have been e x a m i n e d . The 
t e c h n i q u e s v a r y d r a m a t i c a l l y and t h e d a t a s u p p l i e d t o each may 
be i n p o i n t o r g r i d f o r m . An e m p i r i c a l summary o f t h e m e r i t s 
o f t h e v a r i o u s d e s c r i p t o r s i s g i v e n i n T a b l e 4.11. 
I t i s a p p a r e n t t h a t model s u r f a c e may be 
d i f f e r e n t i a t e d u s i n g most o f t h e t e c h n i q u e s , a l t h o u g h v e c t o r 
a n a l y s i s , s c a l e - v a r i a n c e and s e v e r a l p o i n t w i s e p o l y n o m i a l 
t e c h n i q u e s a r e b e s t . C o n s i d e r a t i o n o f s u r f a c e a s p e c t p r o d u c e s 
random r e s u l t s s i n c e i t r e l a t e s o n l y t o t h e o r i e n t a t i o n o f t h e 
model when t h e d a t a were c o l l e c t e d . A l t i t u d e i s s i m i l a r l y a 
p o o r d e s c r i p t o r t o c h o o s e , s i n c e i t i s s e a l e - d e p e n d e n t , 
r e l a t i n g t o t h e u n i t s o f t h e d a t a . V e c t o r a n a l y s i s , w h i l e 
s u c c e s s f u l f o r s i m i l a r l y - s i z e d g r i d s , s u f f e r s i n t h a t th£ 
d e s c r i p t o r s v a r y w i t h g r i d r e s o l u t i o n . S c a l e - v a r i a n c e i s 
p e r h a p s t h e most s u c c e s s f u l when c o n s i s t e n c y i s t a k e n i n t o 
account., a l t h o u g h t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n and p e r h a p s 
s u r f a c e a r e a a n a l y s i s ( r e g u l a r g r i d ) must be c o n s i d e r e d as 
e f f e c t i v e d e s c r i p t o r s . 
U n f o r t u n a t e l y , none o f t h e d e s c r i p t o r s a r e c o m p l e t e l y 
s u c c e s s f u l i n c o n s i s t e n t l y d i s t i n g u i s h i n g d a t a s e t t y p e . W h i l e 
t h i s may be a f u n c t i o n o f u s i n g t h e d e r i v e d i n t e r p o l a t e d g r i d s 
f o r r e g u l a r g r i d d e s c r i p t o r s ^ p o i n t - b a s e d methods p r o d u c e 
v a r i a b l e r e s u l t s . E i t h e r some o t h e r d a t a a c q u i s i t i o n - r e l a t e d 
f a c t o r must e x i s t - p e r h a p s a s s o c i a t e d t o d a t a d i s t r i b u t i o n 
o r t h e d a t a s e t t y p e s must be c o n s i d e r e d t o be 
c h a r a c t e r i s t i c a l l y d i f f e r e n t . 
These a s p e c t s w i l l be d e v e l o p e d f u r t h e r i n s u b s e q u e n t 
c h a p t e r s i n an a t t e m p t t o r e l a t e i n t e r p o l a t i o n and I s a r i t h m 
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T a b l e 4.11 E m p i r i c a l summary o f t h e s t r e n g t h s o f v a r i o u s s u r f a c e 
c h a r a c t e r i s t i c d e s c r i p t o r s . 
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e r r o r s t o s u r f a c e c h a r a c t e r i s t i c s . 
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5 GENERATION OF ACCURACY STATISTICS 
5.1 INTRODUCTION 
"Map a c c u r a c y i s a f u n d a m e n t a l i s s u e and o f u n i v e r s a l 
c o n c e r n " ( H a r l e y , 1974, 1 ) . 
T o p o g r a p h i c map a c c u r a c y o r , more g e n e r a l l y , map a c c u r a c y 
i s an e s s e n t i a l a s p e c t o f t h e m a p p i n g a r t . Marsden ( 1 9 6 0 ) 
i d e n t i f i e s two v a l i d r e a s o n s f o r t h e u t i l i s a t i o n o f map 
a c c u r a c y d e f i n i t i o n s : t h e e x i s t e n c e o f p r i v a t e f i r m s and t h u s 
c o n t r a c t s demands c r i t e r i a f o r t h e p u r p o s e s o f d e t e r m i n i n g t h e 
a c c e p t a b i l i t y o f t h e w o r k a n d, s e c o n d ; t h e map u s e r i s 
e n t i t l e d t o have i n f o r m a t i o n on t h e i n h e r e n t a c c u r a c y o f t h e 
map b e i n g u s e d . A d d i t i o n a l l y , a s i t u a t i o n may be e n v i s a g e d i n 
t h e d e v e l o p m e n t o f d a t a b a n k s , where u s e r s , by k n o w l e d g e o f 
t h e a c c u r a c y o f t h e e x i s t i n g d a t a , may s e l e c t i n f o r m a t i o n t o 
ma t c h t h e i r n e e d s . More i m m e d i a t e l y , a c c u r a c y s t a t i s t i c s a r e 
o f p a r t i c u l a r r e l e v a n c e i n t h i s t h e s i s s i n c e t h e q u a l i t y o f 
r e s u l t s f r o m i n t e r p o l a t i o n o f a s u r f a c e i s an I m p o r t a n t 
c r i t e r i o n on w h i c h t o s e l e c t t h e i n t e r p o l a t i o n m e t h o d . 
5.1.1 F a c t u a l And M e t r i c A c c u r a c y 
Map a c c u r a c y c o n t a i n s two c o m p o n e n t s . F a c t u a l ( o r S e m a n t i c ) 
a c c u r a c y i s c o n c e r n e d w i t h p l a n i m e t r i c and t y p o g r a p h i c a l 
f e a t u r e s . Thus f a c t u a l a c c u r a c y i s a measure o f t h e e x a c t n e s s 
o f s y m b o l s ( p o i n t ; l i n e ; a r e a ) , c o l o u r s and names^ and I s o f 
no c o n c e r n i n t h i s t h e s i s . A l t e r n a t i v e l y , m e t r i c a c c u r a c y i s 
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c o n c e r n e d w i t h a c t u a l l o c a t i o n i n s p a c e , t h e r e f o r e a c c u r a c i e s 
i n t h e h o r i z o n t a l and v e r t i c a l p l a n e s must be c o n s i d e r e d . 
H o r i z o n t a l a c c u r a c y I s o n l y o f i n t e r e s t w i t h i n t h i s t h e s i s i n 
so much as i t i s g e n e r a l l y an e l e m e n t o f any v e r t i c a l a c c u r a c y 
s p e c i f i c a t i o n . 
T h i s c h a p t e r w i l l be c o n c e r n e d d i r e c t l y w i t h v e r t i c a l map 
a c c u r a c y . 
5-1.2 A c c u r a c y , P r e c i s i o n , R e s o l u t i o n And E r r o r 
I t i s i m p e r a t i v e t o d e f i n e t h e meanings o f ' a c c u r a c y ' ; 
' p r e c i s i o n ' ; ' r e s o l u t i o n ' J and ' e r r o r ' - f r o m t h e o u t s e t . 
R e s o l u t i o n r e p r e s e n t s t h e s m a l l e s t u n i t o f measurement t h a t 
may be d e f i n e d by t h e measurement p r o c e d u r e . Thus, on a m e t r i c 
s c a l e marked o f f i n m i l l i m e t r e s t h i s w o u l d be 1mm. 
A l l d a t a c o n t a i n e r r o r s , t h e m a g n i t u d e and f r e q u e n c y o f 
w h i c h a r e subsumed u n d e r t h e t e r m a c c u r a c y . T h r e e t y p e s o f 
e r r o r a r e d e f i n a b l e . I f t h e e r r o r s a r e s t o c h a s t i c , t h e n 
n 
Hei - o , 
where e^ - t h e e r r o r a t a p o i n t i , 
n « t h e number o f d a t a p o i n t s . 
I n t h i s c a s e , t h e Root Mean Square E r r o r (RMSE), 
RMSE - e > ) / n ) y t , 
i s u s e d t o show t h e c o n s i s t e n c y o f t h e d a t a . A l t e r n a t i v e l y , i f 
t h e e r r o r i s a c c u m u l a t i v e o r s y s t e m a t i c , t h e n , 
1 *;/ 0. 
The mean e r r o r i s t h u s g i v e n by, 
«i 
E » ( £ e c ) / n , 
and t h e s t a n d a r d e r r o r f o r m u l a , 
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s.e. - ( ( i l ( e ; - E) 2-)/n)' / : l- , 
must be used t o g i v e t h e d a t a c o n s i s t e n c y . 
F i n a l l y , g r o s s b l u n d e r s may e x i s t i n t h e d a t a . I n t o p o g r a p h i c 
m a p p i n g , S u r v e y s and Mapping B r a n c h ( 1 9 7 7 ) c o n s i d e r t h e s e t o 
be a n y t h i n g o v e r 3 t i m e s t h e s t a n d a r d e r r o r . 
P r e c i s i o n a n d , as s t a t e d a b o v e , a c c u r a c y a r e v e r y c l o s e l y 
r e l a t e d t o t h e s e t y p e s o f e r r o r . I f no s y s t e m a t i c e r r o r 
e x i s t s , t h e n p r e c i s i o n w i l l be t h e same as a c c u r a c y . I f o n l y 
s y s t e m a t i c e r r o r e x i s t s , t h e n h i g h p r e c i s i o n b u t l o w a c c u r a c y 
w i l l be s a i d t o e x i s t . P r e c i s i o n i s p u r e l y a measure o f t h e 
l a c k o f s c a t t e r o f d a t a - a c c u r a c y i s a measure o f d a t a b i a s . 
I t must be s t r e s s e d t h a t t h e map a c c u r a c y i s t h e most 
i m p o r t a n t i t e m o f a map. A map w i l l o n l y be e m p l o y e d when t h e 
u s e r has c o n f i d e n c e i n i t s p o r t r a y a l o f t h e ' r e a l w o r l d ' . 
5.2 ASSESSMENT OF HEIGHT ACCURACY 
When s t u d y i n g h e i g h t a c c u r a c y o r , more s p e c i f i c a l l y , 
i s a r i t h m a c c u r a c y , we must d i s t i n g u i s h b e t w e e n ' g e o m e t r i c 
a c c u r a c y ' and t h e ' m o r p h o l o g i c a l t r u e n e s s ' o f t h e i s a r i t h m s . 
5.2.1 G e o m e t r i c A c c u r a c y 
G e o m e t r i c a c c u r a c y p r o v i d e s an e x p r e s s i o n o f t h e a b s o l u t e 
h o r i z o n t a l and v e r t i c a l e r r o r s o f t h e i s a r i t h m s o r s p o t 
h e i g h t s . T h i s i s d e r i v e d f r o m t h e map by t e s t i n g a sample o f 
p o i n t s w h i c h , i f s u f f i c i e n t l y random, w i l l o f f e r a d e s c r i p t o r 
r e p r e s e n t a t i v e o f t h e e n t i r e a r e a and be w e l l - s u i t e d f o r 
d i r e c t c o m p a r i s o n w i t h a l t e r n a t i v e p r o d u c t s . 
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G e n e r a l l y s p e a k i n g , e l e v a t i o n e r r o r i s d e r i v e d i n r e l a t i o n 
t o s l o p e u s i n g Koppe's f o r m u l a . The e r r o r a t a p o i n t , w h e t h e r 
on t h e node o f a g r i d o r a t a p o i n t o f i n t e r e s t o r d a t a p o i n t , 
c a n be e v a l u a t e d e a s i l y . A s suming a s e r i e s o f e x a c t o r 
r e f e r e n c e v a l u e s , t h e e r r o r o f an o b s e r v a t i o n a t t h e same 
p l a n i m e t r i c p o s i t i o n c a n be f o u n d f r o m , 
e - z r - z0 , 
where z r » t h e h e i g h t o f t h e r e f e r e n c e p o i n t , 
z c • t h e h e i g h t o f t h e o b s e r v e d p o i n t . 
A l t e r n a t i v e l y ^ t h i s e l e v a t i o n e r r o r c a n be t r a n s l a t e d i n t o a 
p o s i t i o n e r r o r by a c o n s i d e r a t i o n o f t h e t a n g e n t o f t h e 
s u r f a c e s l o p e a n g l e a t t h a t p o i n t , 
e • z r - z c = b . t , 
and a f t e r t r a n s f o r m a t i o n becomes, 
b - ( z r - z 0 ) / t , 
w here b = t h e p o s i t i o n e r r o r 
t • t a n ( s l o p e ) . 
On t h e b a s i s o f t h i s , Koppe d i s c o v e r e d a s i m p l e 
e m p i r i c a l l a w o f e r r o r s w h i c h c an be s t a t e d , 
Mh = +/- ( e + ( b . t a n ( o C ) ) ) , 
w here Mh = t h e mean h e i g h t e r r o r a t a p o i n t , 
e = t h e RMS h e i g h t e r r o r , 
b = a c o n s t a n t h o r i z o n t a l a c c u r a c y due 
t o t h e i n h e r e n t m a p p i n g o p e r a t i o n s 
( t y p i c a l l y +/-0.2mm a t map s c a l e 
f o r E u r o p e a n maps and +/-0.3mm 
f o r US maps), 
" t h e s l o p e a t t h e p o i n t . 
U s i n g t h e Koppe f o r m u l a , some n a t i o n a l map a c c u r a c y 
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s p e c i f i c a t i o n s a r e s u mmarised i n F i g u r e 5 . 1 . These w i l l be 
e x a m i n e d f u r t h e r i n C h a p t e r 7. 
5.2.2 M o r p h o l o g i c a l T r u e n e s s 
M o r p h o l o g i c a l t r u e n e s s ( o r r e l a t i v e i s a r l t h m a c c u r a c y ) 
r e p r e s e n t s t h e a b i l i t y o f t h e i s a r i t h m map t o r e g e n e r a t e t h e 
c o n f i g u r a t i o n o f t h e s u r f a c e . T h i s i s f a r more d i f f i c u l t t o 
e x p r e s s u n i v e r s a l l y . 
One o f t h e m a i n a t t e m p t s t o q u a n t i f y t h i s e r r o r was 
e v a l u a t e d by L l n d i g . A l t h o u g h based on s i m p l e t h e o r y , t h e 
p r o c e s s i s v e r y l a b o r i o u s and t i m e - c o n s u m i n g and t h i s has 
t e n d e d t o p r e v e n t i t s u n i v e r s a l a d o p t i o n . However, t h i s method 
s h o u l d become more a t t r a c t i v e i n an a u t o m a t e d c o m p u t e r 
e n v i r o n m e n t . L i n d i g ( 1 9 5 6 a , 1956b) e x a m i n e d t h e w o r k o f 
F i n s t e r w a l d e r , S c h a e f e r and S c h m i d t , and d e f i n e d f o u r e r r o r s 
v i s i b l e i n a c o n t o u r . T h r e e o f t h e s e e r r o r s , i . e . p o s i t i o n , 
d i r e c t i o n and c u r v a t u r e ^ c a n , i n p r i n c i p l e , be f o u n d by d i r e c t 
m e a s u r e m e n t . The f o u r t h - e l e v a t i o n i s a f u n c t i o n o f 
p o s i t i o n e r r o r and s l o p e . The p o s i t i o n and e l e v a t i o n e r r o r s 
a r e a measure o f g e o m e t r i c a c c u r a c y , b u t must be e s t a b l i s h e d 
b e f o r e t h e m o r p h o l o g i c a l t r u e n e s s p a r a m e t e r s , d i r e c t i o n and 
c u r v a t u r e e r r o r , a r e e s t a b l i s h e d . F o r t h e p u r p o s e s o f 
d e f i n i t i o n , t h e r e f e r e n c e o r e x a c t c o n t o u r (H) w i l l have no 
s u p e r s c r i p t and t h e s u b j e c t c o n t o u r t h a t i s b e i n g compared 
( H ' ) w i l l have s u p e r s c r i p t see F i g u r e 5.2. 
a. P o s i t i o n e r r o r ( d x - ) i s t h e d i s t a n c e , b e t w e e n 
t h e two c o n t o u r s , o f t h e l i n e drawn p e r p e n d i c u l a r l y 
t o t h e t a n g e n t o f t h e c o n t o u r a t t h e p o i n t P^ j 
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F i gure 5.2 




Posit ion e r r o r = dxj = Pi - Pj 
Direction e r r o r = d6i 
Curvature e r r o r = dk; = kj - kj 
Hevat ion e r r o r = dhj = dxj . t a n ( a j ) 
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b. D i r e c t i o n e r r o r (djta ) i s t h e a n g l e s u b t e n d e d 
b e t w e e n t h e c h o r d P;-| , P^  on t h e r e f e r e n c e c o n t o u r 
and t h e c h o r d Pj/_| , P^ ' on t h e s u b j e c t c o n t o u r . 
P i s f o r m e d f r o m P^ _( i n e x a c t l y t h e same way as 
P:' f r o m P . 
c. C u r v a t u r e e r r o r ( d k ; ) i s t h e d i f f e r e n c e b e t w e e n 
t h e c u r v e k- o f t h e r e f e r e n c e c o n t o u r a t P* and t h e 
c u r v e k^' o f t h e s u b j e c t c o n t o u r a t P«' , 
dk- - k ; - k;' . 
w 0 c 
Here t h e c u r v e may be d e f i n e d a s : 
k : - R / r L , 
where r - i s t h e r a d i u s o f t h e c u r v e a t P- and R i s 
a f i x e d s t a n d a r d r a d i u s o f c u r v a t u r e w h i c h must be 
e s t a b l i s h e d a p r i o r i i n r e l a t i o n t o t h e d a t a s e t s 
b e i n g u s e d . 
d. E l e v a t i o n e r r o r ( d h - ) i s e s s e n t i a l l y t h e Koppe 
f o r m u l a , dh- i s t h e p r o d u c t o f t h e p o s i t i o n e r r o r 
d x * and t h e t a n g e n t o f t h e t e r r a i n s l o p e (<X;) a t P' , 
d h j a dx- t. tan(0^' u) . 
The a c t u a l measurement o f t h e s e e r r o r s c an become 
d i f f i c u l t . P o s i t i o n e r r o r i s e a s i l y measured d i r e c t l y and 
t h u s , w i t h a k n o w l e d g e o f t h e t e r r a i n , t h e e l e v a t i o n e r r o r may 
be d e r i v e d . However, t h e ' f o r m e r r o r s ' o f c u r v a t u r e and 
d i r e c t i o n r e q u i r e some i n g e n u i t y t o d e r i v e . L i n d l g s o l v e d t h e 
p r o b l e m o f d e r i v i n g d i r e c t i o n e r r o r by t h e d e v e l o p m e n t o f a 
' D i r o m e t e r ' - e s s e n t i a l l y a s m a l l r o t a t i n g p r o t r a c t o r mounted 
on a t r a n s p a r e n t base. 
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T h r e e d i f f e r e n t methods were c o n s i d e r e d f o r m e a s u r i n g t h e 
c u r v a t u r e e r r o r . The ' c u r v a t u r e l a d d e r ' a v a r i a b l e a r c 
t e m p l a t e , and ' c u r v o m e t e r ' a d i a g r a m d r a w n on t r a n s p a r e n t 
m a t e r i a l , u s e d o p t i c a l methods o f c o m p a r i s o n . The ' a n g l e o f 
c h o r d ' method e m p l o y e d t h e d i r e c t i o n e r r o r a n g l e , measured 
w i t h t h e d i r o m e t e r , i n an a n a l y t i c a l s o l u t i o n . 
5.2.3 Summary 
I n g e n e r a l ^ i n t h e a s s e s s m e n t o f c o n t o u r a c c u r a c y , two 
e r r o r s must be c o n s i d e r e d , b u t t o v a r y i n g d e g r e e s d e p e n d i n g on 
t h e map s c a l e and u s e r r e q u i r e m e n t s . A t l a r g e s c a l e s , 
g e o m e t r i c a c c u r a c y i s o f p r i m e i m p o r t a n c e , w h e r e a s a t s m a l l e r 
s c a l e s , m o r p h o l o g i c a l t r u e n e s s g a i n s i m p o r t a n c e . S i m i l a r l y , 
c o n t o u r s u s e d t o d e r i v e e n g i n e e r i n g v o l u m e s must have g r e a t e r 
s t r e s s on g e o m e t r i c a c c u r a c y t h a n must c o n t o u r s d e r i v e d f o r 
o r i e n t e e r i n g w h i c h w o u l d r e q u i r e g r e a t e r m o r p h o l o g i c a l 
t r u e n e s s . 
" S e v e r a l s p e c i f i c a t i o n s may be needed a c c o r d i n g t o t h e 
use b e i n g made o f t h e map. The p h o t o g r a m m e t r i s t has 
p r o b l e m s w h i c h t h e l a n d s u r v e y o r h a s n ' t and v i c e v e r s a 
s i m i l a r l y r e s e a r c h , p l a n n i n g , e n g i n e e r i n g a l l have 
d i f f e r e n t u s e s " ( B l a k n e y , 1968, 1 0 4 1 ) . 
5.3 COMPARISON TECHNIQUE 
" I t has a l w a y s been g e n e r a l l y a g r e e d among 
t o p o g r a p h e r s t h a t i t i s p r a c t i c a l l y i m p o s s i b l e t o p r e p a r e 
a t o p o g r a p h i c map t h a t i s so f o o l p r o o f t h a t i t c o u l d n o t 
i n some way be p r o v e n i n e r r o r by amounts e x c e e d i n g t h e 
a c c u r a c y t o l e r a n c e . Any e n g i n e e r knows t h a t , I f he r e a l l y 
w a n t e d t o , he c o u l d t a k e a t o p o g r a p h i c map p r e p a r e d by 
one o f t h e most r e p u t a b l e t o p o g r a p h e r s and p r o v e t h a t i t 
does n o t c o m p l y w i t h t h e s p e c i f i e d s t a n d a r d s o f map 
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a c c u r a c y . S i n c e s u c h an a p p r o a c h i s n e g a t i v e , i t a p p e a r s 
t h a t t h e t e s t i n g o f a t o p o g r a p h i c map s h o u l d be done 
p r i m a r i l y w i t h t h e p r o p e r a t t i t u d e . The l o g i c a l a t t i t u d e 
s h o u l d be t o d e t e r m i n e w h e t h e r o r n o t t h e map has been 
p r e p a r e d c o n s c i e n t i o u s l y and i n a c c o r d a n c e w i t h s t a n d a r d 
p r a c t i c e , and w h e t h e r o r n o t i t i s g e n e r a l l y i n 
a c c o r d a n c e w i t h t h e s p e c i f i e d s t a n d a r d s o f a c c u r a c y . 
I n t e s t i n g a t o p o g r a p h i c map, t h e t e s t s h o u l d n o t be 
made on o n l y t h e p o r t i o n s o f t h e map t h a t a r e i m p o s s i b l e 
o r most d i f f i c u l t t o c o m p i l e w i t h i n t h e s p e c i f i e d 
s t a n d a r d s o f map a c c u r a c y , s u c h as i n s t e e p - s l o p e d , 
h e a v i l y - w o o d e d a r e a s , b u t r a t h e r , i t s h o u l d r e p r e s e n t 
a r e a s t h a t a r e more t y p i c a l o f t h e o v e r - a l l p r o j e c t . The 
t e s t i n g p r o c e d u r e s h o u l d a l s o be done l o g i c a l l y " ( A l s t e r , 
1960, 4 4 6 - 7 ) . 
T h i s r e s e a r c h i s c o n c e r n e d w i t h e v a l u a t i n g t h e p e r f o r m a n c e s 
o f v a r i o u s i s a r i t h m i c and i n t e r p o l a t i o n p r o g r a m s . I n 
e v a l u a t i n g t h e a c c u r a c y o f t h e i n t e r p o l a t e d p r o d u c t s , i t i s 
i m p o r t a n t t o r e a l i s e t h e u n b i a s s e d n a t u r e o f t h i s e v a l u a t i o n 
and c o n s i d e r t h e v a r i o u s a l t e r n a t i v e methods a v a i l a b l e . 
The e v a l u a t i o n o f t h e f i d e l i t y o f d a t a r e c o n s t r u c t e d f r o m 
s a m p l e d p o i n t s may be c l a s s i f i e d u n d e r t h r e e h e a d i n g s , n a m e l y : 
a. g r a p h i c a l l y / e m p i r i c a l l y - g i v i n g a p u r e l y 
v i s u a l / a e s t h e t i c r e s u l t w h i c h i s h i g h l y s u b j e c t i v e and 
o f t e n d i f f i c u l t t o q u a n t i f y ; 
b. n u m e r i c a l l y - g i v i n g a v e r y s t a t i s t i c a l and t h u s 
q u a n t i f i a b l e r e s u l t b u t w h i c h may be m a n i p u l a t e d by 
d e r i v i n g a l t e r n a t i v e s u b - s a m p l e s o f t h e p o p u l a t i o n based on 
some c r i t e r i o n ; 
c. a n a l y t i c a l l y - u s i n g some s p e c i a l t e c h n i q u e n o t t o 
GENERATION OF ACCURACY STATISTICS 
254 
t e s t a c t u a l r e s u l t s o b t a i n e d , b u t t o t e s t t h e d a t a and 
methods d i r e c t l y . 
I n t h e c o n t e x t o f t h i s t h e s i s , t h e f i r s t two methods can be 
b r o a d e n e d I n t o s e p a r a t e c o n s i d e r a t i o n s o f b o t h t h e g e o m e t r i c a l 
a c c u r a c y o f an I n t e r p o l a t e d g r i d and t h e m o r p h o l o g i c a l 
t r u e n e s s o f any I n t e r p o l a t e d l s a r i t h m s . 
5.3.1 G r a p h i c a l E v a l u a t i o n Of G e o m e t r i c A c c u r a c y 
The g e o m e t r i c a c c u r a c y o f an i n t e r p o l a t e d g r i d may be 
d i s p l a y e d u s i n g s t a n d a r d g r a p h i c a l p r o d u c t s as d i s c u s s e d i n 
C h a p t e r 2. Most o f t h e s e p r o d u c t s r e q u i r e t h e p r i o r 
c o m p u t a t i o n o f an i s o p a c h g r i d - a d i f f e r e n c e m a t r i x b e t w e e n 
t h e o b s e r v e d r e f e r e n c e g r i d and t h e i n t e r p o l a t e d g r i d . 
The s i m p l e s t method i s t o p r o d u c e an i s a r i t h m i c map o f t h e 
i s o p a c h g r i d (e£. W a l t e r s , 1969; Walden, 1972 and B r a i l e , 
1 9 7 8 ) . A l t h o u g h i t may be s u c c e s s f u l where t h e r e a r e 
s u b s t a n t i a l c o n s t a n t e r r o r s i n v o l v e d , i n s i t u a t i o n s where 
t h e r e a r e s m a l l f l u c t u a t i o n s i n t h e e r r o r a c r o s s a map, t h e 
r e s u l t a n t i s a r i t h m i c map i s o f t e n d i f f i c u l t t o i n t e r p r e t . 
A d d i t i o n a l l y , where s e v e r a l i s o p a c h i s a r i t h m maps a r e b e i n g 
compared and m a r k e d l y d i f f e r e n t r a n g e s o f e r r o r o c c u r , t h e 
n e c e s s a r i l y d i f f e r e n t i s a r i t h m i n t e r v a l s w i l l c r e a t e 
i n t e r p r e t a t i o n p r o b l e m s . I s o p a c h i s a r i t h m s c an be u s e f u l l y 
e m p l o y e d , b u t a r e o f l e s s i m p o r t a n c e i n t h i s t h e s i s w h ere 
l a r g e r a n g e s o f e r r o r may e x i s t i n t h e i n t e r p o l a t e d p r o d u c t s . 
An i s o p a c h g r i d has a l s o been used by s e v e r a l w o r k e r s (e,g-
H a r r i n g t o n , 1972 and F r a n k e , 1979) i n c o n j u n c t i o n w i t h b l o c k 
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d i a g r a m s ( 2 . 3 . 2 . 2 ) . However, t h i s method i s p e r h a p s t h e l e a s t 
s u c c e s s f u l as t h e v i e w o f t h e e r r o r g r i d i s n o t 
p l a n i m e t r i c a l l y c o r r e c t and h i g h e r r o r s n e a r t o t h e p o i n t o f 
v i e w i n g o b s c u r e some more d i s t a n t d e t a i l -
I n o r d e r t o s i m u l a t e r e l i e f w h i l e o v e r c o m i n g t h e p r o b l e m s 
o f b l o c k d i a g r a m s , s t e r e o s c o p y has been i n t r o d u c e d ( 2 . 3 . 2 . 3 ) . 
S t e r e o g r a m s o f p o i n t d i s t r i b u t i o n s can e a s i l y be g e n e r a t e d on 
t h e c o m p u t e r ( C u b i t t and C e l e n k , 1 9 7 6 ) . P l o t t i n g t h e r e f e r e n c e 
g r i d i n one c o l o u r , (eg. r e d ) , and d e r i v e d g r i d i n a n o t h e r , 
(e,g. b l a c k ) and o v e r l a y i n g t h e s e s t e r e o g r a m s a l l o w s us t o 
compare v i s u a l l y two d i f f e r e n t g r i d s . However, i n p r a c t i c e , 
due t o t h e s m a l l s i z e o f t h e s t e r e o g r a m , t h e l i m i t e d 
r e s o l u t i o n o f t h e p l o t t e r and t h e p e r c e p t i o n o f t h e human eye, 
o n l y r e l a t i v e l y l a r g e e r r o r / t e r r a i n h e i g h t r a n g e s can be 
compared. T h i s may be I m p r o v e d by u t i l i s i n g t h e i s o p a c h g r i d 
t o p r o d u c e t h e s t e r e o g r a m . 
An a l t e r n a t i v e method i s t o u t i l i s e some f o r m o f p r o f i l e 
d e r i v e d f r o m t h e g r i d ( 2 . 3 - 3 . 1 ) . K a l k a n i ( 1 9 7 7 ) f i t t e d c u b i c 
s p l i n e s t o r a n d o m l y o r i e n t a t e d p r o f i l e s a c r o s s a r e g u l a r g r i d 
w h i c h a r e i n t u r n o v e r l a i n f o r each g r i d . T h e r e i s no d o u b t 
t h a t t h i s p r o d u c e s an e a s i l y c o m p r e h e n s i b l e r e s u l t , b u t w h i l e 
t h i s may be u s e f u l i n c o m p a r i n g e r r o r l o c a l l y , i t i s c e r t a i n l y 
t o o s e l e c t i v e t o g i v e an a c c u r a t e g l o b a l e s t i m a t i o n o f t h e 
e r r o r o f t h e g r i d . A d d i t i o n a l l y , t h e use o f c u b i c s p l i n e s may 
u n i n t e n t i o n a l l y c r e a t e u n w a n t e d d i s t o r t i o n . 
5.3.2 N u m e r i c a l E v a l u a t i o n Of G e o m e t r i c A c c u r a c y Of S u r f a c e s 
T h e r e a r e s e v e r a l t e c h n i q u e s used by many w o r k e r s t o 
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e v a l u a t e n u m e r i c a l l y t h e g e o m e t r i c a c c u r a c y o f i n t e r p o l a t e d 
p o i n t s . 
The e s t a b l i s h m e n t o f a P e a r s o n P r o d u c t Moment c o e f f i c i e n t 
o f c o r r e l a t i o n i s g e n e r a l l y p r e f e r r e d t o o t h e r c o e f f i c i e n t s o f 
c o r r e l a t i o n f o r a r e g u l a r g r i d . T h i s t e c h n i q u e i s u sed by 
M e r r i a m and S n e a t h ( 1 9 6 6 ) ; M o r r i s o n ( 1 9 7 0 , 1 9 7 1 , 1 9 7 4 a ) ; 
Walden ( 1 9 7 2 ) ; and R o b i n s o n ( 1 9 7 2 ) . R o b i n s o n however c a s t s 
d o u b t on t h e v a l i d i t y o f r e l y i n g s o l e l y on s u c h a t e c h n i q u e . 
"The s i n g l e c o e f f i c i e n t o f c o r r e l a t i o n i s l i t t l e more 
t h a n a b r o a d g e n e r a l i s a t i o n however and i t i s n o t v e r y 
r e v e a l i n g . C o m p r e h e n s i o n may be i n c r e a s e d by ma p p i n g 
r e s i d u a l s " ( R o b i n s o n , 1962, 4 1 4 ) . 
Whereas c o r r e l a t i o n t e c h n i q u e s have t e n d e d t o be used i n 
c o n j u n c t i o n w i t h m a t h e m a t i c a l s u r f a c e s , t o p o g r a p h e r s have 
t e n d e d t o r e l y on t h e d e r i v a t i o n o f RMSE and t h e Koppe f o r m u l a 
t o c o n s i d e r i n t e r p o l a t i o n a c c u r a c y - E b n e r / H o f m a n n ) R e i s s and 
S t e i d l e r ( 1 9 8 0 ) compared a p h o t o g r a m m e t r i c a l l y - d e r i v e d g r i d 
w i t h t h a t i n t e r p o l a t e d by t h e ' H I F I ' p r o g r a m . S i m i l a r i l y 
S c h i l c h e r ( 1 9 7 7 ) and Ackermann ( 1 9 7 8 ) compared s u r v e y e d , 
p h o t o g r a m m e t r i C j ' S C O P ' - i n t e r p o l a t e d and h a n d - i n t e r p o l a t e d 
c o n t o u r s by u t i l i s i n g 485 common t e s t p o i n t s f r o m t h e 
c o n t o u r s and c o m p a r i n g t h e s e w i t h t h e h i g h a c c u r a c y g r o u n d 
s u r v e y e d p o i n t s . L i p s ( 1 9 6 4 ) and Assmus and S t a n g e r ( 1 9 7 8 ) , 
w h i l e d e r i v i n g s i m i l a r end p r o d u c t s i . e . RMSE and Koppe, 
u n f o r t u n a t e l y d e r i v e d them by s u b j e c t i v e means, b o t h 
' a r b i t r a r i l y ' s e l e c t i n g p a i r s o f p o i n t s f r o m o v e r l a i n 
c o n t o u r s - B r a i l e ( 1 9 7 8 ) , i n h i s e x a m i n a t i o n o f i n t e r p o l a t i o n 
w i t h i n a e r o m a g n e t i c s u r f a c e s } removed t h e edge o f t h e m a t r i x 
t o p r e v e n t any 'edge e f f e c t ' and t h e n c a l c u l a t e d t h e RMSE o f 
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e a ch g r i d a g a i n s t a h a n d - i n t e r p o l a t e d r e f e r e n c e . I t i s 
u n f o r t u n a t e t h a t t h e v a l i d i t y o f t h i s f i n e c o n s i d e r a t i o n i s 
o b s c u r e d by c o m p a r i n g c o m p u t e r - i n t e r p o l a t e d g r i d s w i t h a 
m a n u a l l y - i n t e r p o l a t e d g r i d t o g e n e r a t e a b s o l u t e e r r o r . H a v i n g 
d e r i v e d t h e RMSE, t h e l o g i c a l n e x t s t e p i s t h e d e r i v a t i o n o f 
t h e s y s t e m a t i c e r r o r and t h e s t a n d a r d e r r o r i f s y s t e m a t i c 
e r r o r e x i s t s . Such s t a t i s t i c s have been g e n e r a t e d by many 
w o r k e r s i n c l u d i n g S t e a r n s ( 1 9 6 8 ) ; Shaw and L y n n ( 1 9 7 2 ) ; 
Edwards ( 1 9 7 2 ) and B e t h e l , C r a w l e y , S h e p p h i r d and H u s s a l n 
T h e r e a r e numerous o t h e r methods p r e f e r r e d by o t h e r 
a u t h o r s . M o r r i s o n ( 1 9 7 0 , 1 9 7 1 , 1974a) d e r i v e d a u n i q u e r a t i o -
t h a t o f t h e s t a n d a r d e r r o r o f t h e r e s i d u a l s a g a i n s t t h o s e o f 
t h e s u r f a c e v a l u e s . S h e p a r d ( 1 9 7 0 ) , i n an e v a l u a t i o n o f SYMAP, 
used s i m i l a r t e c h n i q u e s , d i v i d i n g t h e g r i d i n t o p a r a l l e l 
p r o f i l e s and e s t a b l i s h i n g mean, RMSE and s t a n d a r d e r r o r o f t h e 
r e f e r e n c e and r e s i d u a l g r i d s and u s i n g t h e s e r e s u l t s t o 
e s t a b l i s h a c h i - s q u a r e s t a t i s t i c t o d e s c r i b e e a c h map. 
M e r r l a m and S n e a t h ( 1 9 6 6 ) ; R o b i n s o n ( 1 9 7 2 ) and W h i t t e n 
( 1 9 7 5 ) d e r i v e d a P e r c e n t a g e t o t a l sum o f s q u a r e s ^ ) a l s o 
r e f e r r e d t o by D a v i s ( 1 9 7 3 ) as t h e ' P e r c e n t a g e o f goodness o f 
f i t ' . S i m i l a r t o a c o r r e l a t i o n , t h i s i s d e r i v e d f r o m t h e 
f o r m u l a , , 
( 1 9 7 8 ) . 
q = 100 
ttzo ) " (<2*o )/n) 
( S O " ( ( Z * c * ) / n ) 
where za = t h e o b s e r v e d d a t a r e f e r e n c e . 
t h e computed d a t a v a l u e , 
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n - t h e number o f d a t a p o i n t s . 
A p e r f e c t f i t w o u l d be 100Z. 
Perh a p s t h e most i n t e r e s t i n g t e c h n i q u e f o r c o m p a r i n g t h e 
g e o m e t r i c a c c u r a c y o f c o n t o u r s , i s t h e 'Resemblance M a t r i x ' , 
u s e d by C o u r t ( 1 9 7 0 ) w i t h i t s a s s o c i a t e d ' m e d i a l c o r r e l a t i o n ' 
c o e f f i c i e n t ' q ' . W h i l e t h i s has n o t been u s e d p r e v i o u s l y t o 
d e r i v e t h e g e o m e t r i c a c c u r a c y o f c o n t o u r maps t h e 
l a b o u r - i n t e n s i v e method i s a p o t e n t i a l l y v a l i d one i n a f u l l y 
a u t o m a t e d e n v i r o n m e n t . C o u r t uses i t i n i t i a l l y t o compare 
q u a n t i l e i s o p l e t h s on s o c i o - p o l i t i c a l m a p p i n g . 
Assume two b i n a r y d i s t r i b u t i o n s ( s e e F i g u r e 5 . 3 ) . I f two 
c h o r o p l e t h maps o f t h e s e d i s t r i b u t i o n s a r e o v e r l a i n , t h e n f o u r 
r e g i o n s may be i d e n t i f i e d : where b o t h a r e u n i t y , ( 1 . 1 ) ; where 
b o t h a r e z e r o , ( 0 , 0 ) ; where t h e f i r s t i s u n i t y , t h e s e c o n d 
z e r o , ( 1 , 0 ) * and v i c e v e r s a , ( 0 , 1 ) . R e p l a c i n g t h e b o u n d a r i e s 
i n t h e c h o r o p l e t h maps w i t h c o n t o u r l i n e s , 1 becomes ' + ' and 
' 0 ' becomes '-' ( F i g u r e 5 . 3 a ) . The Resemblance m a t r i x may now 
be e s t a b l i s h e d f r o m t h e sum o f t h e p e r c e n t a g e a r e a s w i t h i n 
e a c h s u b - a r e a ( F i g u r e 5 . 3 b ) . q, t h e c o e f f i c i e n t o f m e d i a l 
c o r r e l a t i o n , i s d e r i v e d f r o m t h e f o r m u l a , 
q = ( ( ( + + ) + ( - - ) ) - ( ( + - ) + ( - + ) ) ) / ( ( + + ) + ( - - ) + ( + - ) + ( - + ) ) • 
Thus a v a l u e f o r t h e g e o m e t r i c a c c u r a c y o f a c o n t o u r map may 
be e s t a b l i s h e d by s u c c e s s i v e l y c o m p a r i n g each g e n e r a t e d 
c o n t o u r w i t h i t s a s s o c i a t e d r e f e r e n c e c o n t o u r and m e a n i n g t h e 
v a r i o u s c o e f f i c i e n t s f o r each map. 
5.3.3 G r a p h i c a l C o m p a r i s o n Of C o n t o u r M o r p h o l o g i c a l T r u e n e s s 
A g r a p h i c a l c o m p a r i s o n o f t h e m o r p h o l o g i c a l t r u e n e s s o f 
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FIGURE 5.3 
Contour comparison utilising a Resemblance Matrix 
(a) Contour map (b) Resemblance Matrix 
Interpolated 
a> o c 
£ a> «»-a> 
+ — 
+ 50 5 55 
- 15 30 45 






c o n t o u r s i s used by most w o r k e r s and i s g e n e r a l l y backed up i n 
t h e more s e r i o u s p a p e r s by some n u m e r i c a l f i g u r e s t o g i v e some 
q u a n t i f i a b l e g e o m e t r i c e r r o r e s t i m a t i o n . 
I n t h e w o r s t c a s e s , t h e c o m p a r i s o n t a k e s t h e f o r m o f two 
d i s t i n c t a d j a c e n t , o r e v e n s e p a r a t e d , p l o t s n e i t h e r o f w h i c h 
i s an o b s e r v e d r e f e r e n c e (e.g. W h i t t e n , 1970; R h i n d , 1971 and 
1972; C o n n e l l y , 1971 and H a r r i n g t o n , 1 9 7 6 ) . These maps a r e 
o b v i o u s l y d i f f i c u l t t o compare as t h e y a r e n o t i n r e g i s t e r o r 
o v e r l a i n and a l s o o n l y g i v e a r e l a t i v e c o m p a r i s o n . 
F o r a more a b s o l u t e s o l u t i o n , v a r i o u s a u t h o r s have m a n u a l l y 
h a n d - c o n t o u r e d t h e i r own d a t a and used t h i s as a r e f e r e n c e 
( e ^ . W a l t e r s , 1969; S w i n d e l and v a n A n d e l , 1969; Walden, 1972; 
C h i l e s and C h a u v e t , 1975 and B r a i l e , 1 9 7 8 ) . A more r i g o r o u s 
s o l u t i o n i s o n l y a v a i l a b l e when t h e n a t u r e o f t h e d a t a a l l o w s 
d i r e c t c o n t o u r i n g ( e g . p h o t o g r a m m e t r l c ) and c o n t o u r s t o be 
compared c a n be l a i d a d j a c e n t t o d i r e c t l y g e n e r a t e d r e f e r e n c e 
c o n t o u r s ( E b n e r , Hofmann, R e i s s and S t e i d l e r , 1 9 8 0 ) . However, 
I n a l l t h e s e c a s e s p r o b l e m s s t i l l o c c u r due t o t h e c o n t o u r s 
n o t b e i n g o v e r l a i n . 
For an a c c u r a t e s o l u t i o n t h e c o n t o u r maps must be o v e r l a i n 
(e.g. Z a r z y c k i , 1976; Ackermann, 1978 and B e t h e l , C r a w l e y , 
S h e p p h i r d and H u s s a i n , 1 9 7 8 ) . I n o r d e r t o a v o i d c o n f u s i o n t h e 
a r e a s b e t w e e n t h e same c o n t o u r s may be sha d e d . R o y a l C o l l e g e 
o f A r t ( 1 9 7 2 ) u s e d t h i s method t o compare h a n d - i n t e r p o l a t e d 
b a t h y m e t r i c and g e o c h e m i c a l c o n t o u r maps and d i g i t i s e d O.S. 
t o p o g r a p h i c c o n t o u r s w i t h t h o s e g e n e r a t e d by t h e SACM and ECU 
p a c k a g e s . 
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Where an a b s o l u t e m o r p h o l o g i c a l c o m p a r i s o n i s r e q u i r e d , a 
l a c k o f s u f f i c i e n t l y a c c u r a t e r e f e r e n c e c o n t o u r s has meant a 
d e v a l u a t i o n o f t h e r e s u l t s . I n most d a t a s u r f a c e s t h e r e may be 
l i m i t a t i o n s t o o b t a i n i n g c o n t o u r s , i n w h i c h case w o r k e r s 
s h o u l d a v o i d t h e s e i n p r e f e r e n c e f o r c o m p l e t e d a t a s e t s w h i c h 
i n c l u d e d i r e c t l y g e n e r a t e d c o n t o u r s , i f any f o r m o f a c c u r a c y 
s t a t e m e n t o f i n t e r p o l a t i o n methods i s t o be e s t a b l i s h e d . T h i s 
r e s t r i c t s d a t a s e t s t o t h o s e as d i s c u s s e d i n 3 . 3 . 1 . 
5.3.4 N u m e r i c a l E v a l u a t i o n Of C o n t o u r M o r p h o l o g i c a l T r u e n e s s 
As d i s c u s s e d e a r l i e r , i t i s t h e m o r p h o l o g i c a l t r u e n e s s o f 
c o n t o u r s w h i c h i s t h e most d i f f i c u l t a s p e c t t o q u a n t i f y 
n u m e r i c a l l y . However, t h e w i d e s p r e a d use o f c o m p u t e r s , and t h e 
f a c t t h a t c o n t o u r s a r e now f r e q u e n t l y d i g i t i s e d , have meant 
t h a t a t l e a s t two methods a r e now e a s i l y d e v e l o p e d . 
F e d e r and Freeman ( 1 9 6 6 ) have d e v e l o p e d a method based on 
' p a t t e r n r e c o g n i t i o n ' w h i c h a l l o w s c o n t o u r s t o be c o r r e l a t e d 
n u m e r i c a l l y . B a s i c a l l y , i t i n v o l v e s a s s i g n i n g an i n t e g e r v a l u e 
f o r any g i v e n d i r e c t i o n o f a l i n e segment ( F i g u r e 5 . 4 ) . Thus 
t h e l i n e i s n u m e r i c a l l y d i r e c t i o n a l l y d i g i t i s e d ( q u a n t i s e d ) by 
s u p e r i m p o s i n g a mesh on t h e l i n e . The l i n e o r ' c h a i n ' , now 
' c h a i n e n c o d e d ' , i s i n a s u i t a b l e f o r m f o r c o r r e l a t i n g w i t h 
a n o t h e r c h a i n . 
G i v e n two c h a i n s R ( s e g m e n t ) and S ( w h o l e c u r v e ) , 
R " r, , r ^ , r 3 , . . . , r ^ , and 
S •» s, , sx , 8^ , . . • , s A ; where n ^ m, 
t h e n 
q a b ( j ) a- b L - , 
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where a^ - cos ( ^ a^ - O c + i ) , 
- i < q„b(J) < 1 
j = e a c h p o s i t i o n o f t h e segment r e l a t i v e 
t o t h e w h o l e c u r v e ( F e d e r and Feeman, 
1 9 6 6 ) . 
The number o f d i r e c t i o n s and r e s o l u t i o n can be d e t e r m i n e d by 
t h e u s e r t o g i v e a more s e n s i t i v e d e s c r i p t o r . 
A n o t h e r method, f i r s t d i s c u s s e d i n 1956, d e r i v e s t h e 
p o s i t i o n , d i r e c t i o n , c u r v a t u r e , and e l e v a t i o n e r r o r s d e f i n e d 
by L i n d l g ( 1 9 5 6 a and 1 9 5 6 b ) . As m e n t i o n e d e a r l i e r , t h i s was 
o r i g i n a l l y l a b o u r - i n t e n s i v e and I m p r a c t i c a l . However, i t l e n d s 
i t s e l f t o a u t o m a t i o n and must be c o n s i d e r e d as t h e m a i n b a s i s 
f o r c o n t o u r m o r p h o l o g i c a l c o m p a r i s o n s . 
5.3.5 A n a l y t i c a l Methods 
S i n c e t h e e a r l y s e v e n t i e s much i n t e r e s t has been shown 
w i t h i n t h e ITC i n t h e N e t h e r l a n d s i n p u r e l y a n a l y t i c a l methods 
o f e s t a b l i s h i n g a c c u r a c y o f i n t e r p o l a t i o n methods i n d i g i t a l 
t e r r a i n m o d e l l i n g . S e v e r a l p a p e r s by M a k a r o v i c ( 1 9 7 2 , 1 9 7 4 ) ^ 
C l e r i c i and K u b l k ( 1 9 7 4 ) ; Botman and K u b i k ( 1 9 7 9 ) and T e m p f l i 
and M a k a r o v i c ( 1 9 7 9 ) d i s c u s s t h e e v a l u a t i o n o f t r a n s f e r 
f u n c t i o n s and t h e i r a p p l i c a t i o n t o t h e e x a m i n a t i o n o f d a t a 
r e c o n s t r u c t i o n -
The c o n c e p t o f t h e i r a n a l y t i c a l a p p r o a c h i s based on t h e 
p r e m i s s t h a t i n p u t d a t a can be r e p r e s e n t e d by a F o u r i e r 
S e r i e s . The e f f e c t o f s a m p l i n g on t h e f i d e l i t y o f t h e 
r e c o n s t r u c t e d d a t a can t h e r e f o r e be s t u d i e d u t i l i s i n g s i n e 
waves. W i t h i n t h i s a p p r o a c h , t h e e f f e c t s o f s a m p l i n g d e n s i t y 
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and m e a s u r i n g e r r o r s can be e v a l u a t e d s e p a r a t e l y and co m b i n e d 
by m u t u a l m u l t i p l i c a t i o n o f t h e c o r r e s p o n d i n g t r a n s f e r r a t i o s . 
T h e r e i s no d o u b t t h a t t h i s a t t i t u d e t o i n t e r p o l a t i o n 
c o m p a r i s o n i s a v a l i d one and s h o u l d be r e c o g n i s e d . T h i s 
t h e s i s , h o w e v e r , i s s u b s t a n t i a l l y c o n c e r n e d w i t h t h e e m p i r i c a l 
e v a l u a t i o n o f t h e a c c u r a c y o f c e r t a i n p a c k a g e s , d a t a s u r f a c e s 
and d a t a s e t s and t h e r e f o r e t h i s a n a l y t i c a l a p p r o a c h w i l l n o t 
be c o n s i d e r e d f u r t h e r . 
5.4 COMPARISON PROGRAMS DEVELOPED 
W i t h r e f e r e n c e t o c o n t o u r a c c u r a c y e s t i m a t i o n , I m h o f 
s u g g e s t s t h a t , 
" p e r f e c t e v a l u a t i o n t e c h n i q u e s w i l l p r o b a b l y c o n t i n u e 
t o e l u d e u s . We a r e t r y i n g t o compare an i n a d e q u a t e l y 
d e f i n e d i r r e g u l a r s u r f a c e w i t h an i n c o m p l e t e l i n e map 
w i t h l a r g e u n m e a s u r a b l e gaps - b a s e d on l i n e a r o r 
q u a d r a t i c c h a n g e " ( I m h o f , 1 9 6 5 ) . 
W i t h i n t h i s r e s e a r c h , t h i s e v a l u a t i o n had t o be made and 
t h u s v a r i o u s r e q u i r e m e n t s were e s t a b l i s h e d f o r any method o f 
a c c u r a c y d e r i v a t i o n . 
a. The t e c h n i q u e s had t o d e r i v e b o t h g e o m e t r i c and 
m o r p h o l o g i c a l a c c u r a c y and be c a p a b l e o f b e i n g a p p l i e d t o a 
r a n g e o f d a t a a t any s c a l e . 
b. The t e c h n i q u e s had t o a l l o w f o r a ' q u i c k - l o o k " 
c o m p a r i s o n as w e l l as a p r e c i s e e s t i m a t i o n o f t h e a c c u r a c y . 
V a r i o u s i n t e r p o l a t i o n t e c h n i q u e s were b e i n g u s e d w i t h many 
d a t a s e t s g e n e r a t i n g numerous r e s u l t s . 
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c. A d d i t i o n a l l y , t h e o u t p u t f r o m any c o m p a r i s o n had t o 
be c o m p a c t , t h e r e b y r e s t r i c t i n g i t t o more g l o b a l 
c o m p a r i s o n s . 
d. The p r o c e d u r e s must a l l o w f o r i s a r i t h m a n d / o r r e g u l a r 
g r i d i n f o r m a t i o n . 
On t h e b a s i s o f t h e s e r e q u i r e m e n t s , and c o n s i d e r i n g t h e 
l i t e r a t u r e , a s t r a t e g y u s i n g f o u r methods was e m p l o y e d . 
a. F or each i n t e r p o l a t e d g r i d , 
a . l . a s i m p l e o v e r l a i n i s a r i t h m p l o t was g e n e r a t e d 
c o m p a r i n g t h e i n t e r p o l a t e d g r i d s u r f a c e w i t h t h e 
r e f e r e n c e i s a r i t h m s . T h i s w o u l d p r o v i d e a ' q u i c k - l o o k ' 
p r o d u c t . 
a.2. an i n - d e p t h s t a t i s t i c a l e v a l u a t i o n was p e r f o r m e d 
u s i n g 'MATANN' ( d e v e l o p e d by t h e a u t h o r - see A l . 3 . 1 4 
and C h a p t e r 6 ) . 
b. F or t h e i n t e r p o l a t e d i s a r i t h m s , 
b . l . a g l o b a l e x p r e s s i o n o f t h e i r m o r p h o l o g i c a l 
t r u e n e s s i n r e l a t i o n t o t h e p h o t o g r a m m e t r i c a l l y — d e r i v e d 
GENERATION OF ACCURACY STATISTICS 
266 
c o n t o u r s was e v a l u a t e d by t h e p r o g r a m 'CONLIN' 
( d e v e l o p e d by t h e a u t h o r - see A l . 4 . 5 and u t i l i s i n g t h e 
t h e o r y o f L i n d i g - see 5 . 2 . 2 ) . 
b.2 . a g l o b a l e x p r e s s i o n o f t h e i r g e o m e t r i c a c c u r a c y 
was s i m i l a r l y e s t a b l i s h e d f r o m t h e p r o g r a m 'CONCOR' 
( d e v e l o p e d by t h e a u t h o r - see A l . 4 . 4 and u t i l i s i n g t h e 
t h e o r y o f C o u r t - see 5 . 3 . 2 ) . 
b.3. a ' q u i c k - l o o k ' i s a r i t h m o v e r l a y was a l s o 
e s t a b l i s h e d . 
A d d i t i o n a l l y , t h r o u g h CONLIN, t h e Koppe f o r m u l a f o r e a c h 
i s a r i t h m map was e s t a b l i s h e d t o e v a l u a t e t h e a b i l i t y o f t h e 
c o m p u t e r t o g e n e r a t e i s a r l t h m s w i t h i n t h e t o l e r a n c e o f some 
n a t i o n a l m a p p i n g o r g a n i s a t i o n s . P e r h a p s t h i s c o m p a r i s o n may be 
u n f a i r , s i n c e i n a n o n - a u t o m a t e d s y s t e m , 
" c o n t o u r s a r e t h e r e s u l t o f t h e manual w o r k o f 
c a r t o g r a p h e r s , and t h e r e f o r e t h e c a r t o g r a p h e r s ' p e r s o n a l 
i n t e r p r e t a t i o n o f t h e r e l i e f o f t h e s u r f a c e . The u s e r has 
no i d e a o f t h e a c c u r a c y o f t h e c o n t o u r s y s t e m i t s e l f 
( Y o e l i , 1966, 2 5 4 ) . 





6 RANDOM-TO-GRID INTERPOLATION 
6.1 INTRODUCTION 
I t has been demonstrated i n p r e v i o u s c h a p t e r s t h a t 
r a n d o m - t o - g r i d i n t e r p o l a t i o n i s the k e r n e l o f a l l 
n o n - t r i a n g u l a t i o n computer c o n t o u r i n g o f random d a t a . I t i s 
t h e r e f o r e i m p o r t a n t t h a t t h i s aspect be i n v e s t i g a t e d 
t h o r o u g h l y by e v a l u a t i n g the accuracy o f i n d i v i d u a l methods o f 
i n t e r p o l a t i o n and by c o n s i d e r i n g t h e r e l a t i o n s h i p between 
i n t e r p o l a t i o n e r r o r and data and s u r f a c e c h a r a c t e r i s t i c s . 
6.1.1 Resume Of Pre v i o u s Research 
W i t h i n the l i t e r a t u r e t h e r e are s e v e r a l examples o f the 
e m p i r i c a l e v a l u a t i o n o f r a n d o m - t o - g r i d i n t e r p o l a t i o n methods. 
I n v a r i a b l y these are concerned w i t h p r o m o t i n g a c e r t a i n method 
of i n t e r p o l a t i o n r a t h e r than c o n d u c t i n g a thoro u g h r e s e a r c h 
( f o r example B r a i l e , 1978 and much of t h e work on k r i g i n g ) , or 
i n v o l v e a r e l a t i v e l y s u p e r f i c i a l comparison o f the g e n e r a l 
p r o p e r t i e s i n v o l v e d i n the v a r i o u s i n t e r p o l a t i o n schemes 
(R h l n d , 1971, 1975) or c o n s i d e r o n l y s p e c i f i c s i t u a t i o n s 
( D a v i s , 1975). 
Few a t t e m p t s have been made t o p e r f o r m a more u n i v e r s a l , 
d e t a i l e d i n v e s t i g a t i o n on c o m p u t e r - i n t e r p o l a t e d s u r f a c e s , 
n o t a b l e e x c e p t i o n s b e i n g the work o f M o r r i s o n (1971 and 
1974b), and Walden ( 1 9 7 2 ) . 
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M o r r i s o n has performed the most d e t a i l e d i n v e s t i g a t i o n i n 
c o n s i d e r i n g s i x independent v a r i a b l e s - s u r f a c e v a r i a t i o n , 
sample s i z e , sample type ( o r s c a t t e r ) , t h e i n t e r p o l a t i o n 
model, d i r e c t i o n a l c o n s t r a i n t s w i t h the model and s i z e o f 
i n t e r p o l a t e d g r i d . From the i n t e r p o l a t i o n r e s u l t s , he computed 
two s t a t i s t i c s - an i n t e r p o l a t i o n / r e f e r e n c e g r i d c o r r e l a t i o n 
c o e f f i c i e n t and the r a t i o o f the s t a n d a r d d e v i a t i o n s o f the 
i n t e r p o l a t e d v a l u e s t o the s t a n d a r d d e v i a t i o n o f the known 
s u r f a c e . ANOVA t e s t s were l a t e r performed on these s t a t i s t i c s 
t o r e l a t e them t o the p r e v i o u s l y d e f i n e d v a r i a b l e s . 
U n f o r t u n a t e l y , he o n l y c o n s i d e r e d i n h e r e n t l y smooth, h i g h l y 
c o r r e l a t e d m a t h e m a t i c a l s u r f a c e s , from which he concluded 
t h a t : 
a. a minimum o f 49 p o i n t s and a maximum o f 100 p o i n t s 
are r e q u i r e d t o p e r f o r m r a n d o m - t o - g r i d i n t e r p o l a t i o n ; 
b. no data s e t w i t h a NNS (Near e s t Neighbour S t a t i s t i c ) 
l e s s t h a n 0.9 should be used f o r i n t e r p o l a t i o n ; 
c. any data s e t w i t h a NNS g r e a t e r than 1.25 w i l l 
c a p t u r e t h e s t a t i s t i c a l p r o p e r t i e s o f the d i s t r i b u t i o n form 
a c c u r a t e l y ; 
d. p o i n t and a r e a l f u n c t i o n s p e r f o r m e q u a l l y w e l l , 
a l t h o u g h w e i g h t e d and p l a n a r f u n c t i o n s are best-behaved; 
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e. i n g e n e r a l , weighted averages s h o u l d be used w i t h 
d a ta s e t s of l e s s than 100 p o i n t s , p l a n a r f o r a p p r o x i m a t e l y 
100 p o i n t s , and q u a d r a t i c s u r f a c e s f o r g r e a t e r than 100 
p o i n t s ; 
f . t h e more complex the s u r f a c e , the l a r g e r t h e e r r o r , 
and the l e s s t he e f f e c t t h e p o i n t s c a t t e r has. 
I t i s u n f o r t u n a t e t h a t M o r r i s o n d i d not r e l a t e h i s 
o t h e r w i s e p r e c i s e s t a t i s t i c s t o r e a l i t y - As Rhind suggested 
" t h e t r a d e - o f f f a c t o r between d i f f e r e n t p o i n t p a t t e r n s 
i s t o t a l l y unknown - would 5000 d a t a p o i n t s w i t h a 
n e a r e s t neighbour v a l u e o f 0.8 produce as r e l i a b l e an end 
r e s u l t as 1000 p o i n t s w i t h a c o r r e s p o n d i n g v a l u e o f , say, 
1.3?" ( R h i n d , 1971, 155). 
A d d i t i o n a l l y , i s such a g l o b a l ( a l l d a t a ) t e c h n i q u e 
m e a n i n g f u l f o r complex s u r f a c e s ? I f the NNS i s 0.8, shou l d t h e 
data be f i l t e r e d t o i n c r e a s e t he NNS t o , say 1.0 ? - t h i s 
seems u n l i k e l y . 
Walden (1972) performed a more s p e c i f i c i n v e s t i g a t i o n , 
a l t h o u g h she o n l y c o n s i d e r e d f o u r of Mo r r i s o n ' s v a r i a b l e s 
s u r f a c e v a r i a t i o n , sample s i z e , t h e i n t e r p o l a t i o n model and 
the s i z e o f the i n t e r p o l a t e d g r i d . The s u r f a c e s used were more 
v a r i a b l e i n t y p e , a ma t h e m a t i c a l f u n c t i o n ( s p h e r e ) , 
s u b - s u r f a c e g e o l o g i c a l data and t o p o g r a p h i c d a t a . 
U n f o r t u n a t e l y , s i n c e the r e f e r e n c e g r i d s f ° r the t o p o g r a p h i c 
and g e o l o g i c a l data were generated by i n t e r p o l a t i o n u t i l i s i n g 
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SURFACE I I GRAPHICS (Sampson, 1978), the l a t e r r e s u l t s were 
bia s s e d t o s i m i l a r i n t e r p o l a t i o n t e c h n i q u e s * Sample s i z e s 
chosen were 100, 250 and 400 p o i n t s and these were 
i n t e r p o l a t e d u s i n g a s e l e c t i o n o f m a i n l y Kansas G e o l o g i c a l 
Survey p u b l i s h e d a l g o r i t h m s and commercial packages, p r o d u c i n g 
t h r e e b a s i c g r i d s i z e s (25x25, 41x41 and 61x61). I n a d d i t i o n 
t o c r e a t i n g s t a n d a r d e r r o r s t a t i s t i c s f o r each 
d a t a / i n t e r p o l a t i o n / g r i d s i z e c o m b i n a t i o n , Walden a t t e m p t e d t o 
c o r r e l a t e e r r o r w i t h t h e d i s t a n c e from t h e g r i d node b e i n g 
i n t e r p o l a t e d t o i t s n e a r e s t neighbour and the number o f data 
p o i n t s w i t h i n a f i x e d range o f the g r i d node b e i n g 
i n t e r p o l a t e d . 
Walden (1972, 93-101) concluded t h a t ; 
a. " I n g e n e r a l , i n c r e a s e s i n sample s i z e are d i r e c t l y 
r e l a t e d t o i n c r e a s e s i n the r e l i a b i l i t y o f the e n t i r e map", 
a l t h o u g h g l o b a l f i t methods have l e s s improvement. This 
appears t o negate Mo r r i s o n ' s 100 p o i n t t h e o r y . 
i 
b. "Except f o r g r i d s g enerated by SYMAP, the accuracy o f 
s u r f a c e e s t i m a t i o n a t the g r i d nodes seems r e l a t i v e l y 
u n a f f e c t e d by changes i n g r i d s i z e . " SYMAP accuracy i s 
r e l a t e d t o g r i d s i z e s i n c e c o - o r d i n a t e s o f a data p o i n t are 
assumed t o be the c e n t r e o f the c e l l ( o r p i x e l ) w h i c h 
c o n t a i n s t h e p o i n t . 
c. "The r e l a t i o n s h i p between e s t i m a t i o n e r r o r a t a g r i d 
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node and i t s d i s t a n c e t o the n e a r e s t data p o i n t i s not as 
h i g h as had been expected." I n some r e s p e c t s , t h i s i s not 
s u r p r i s i n g as i t r e p r e s e n t s a v e r y crude measure. 
d. " C o n s i d e r a t i o n s h o u l d be g i v e n t o the degree o f the 
s u r f a c e c o m p l e x i t y i n the s e l e c t i o n o f sample s i z e and i n 
s e l e c t i n g t h e g r i d d l n g a l g o r i t h m t o be used." Walden d i d 
not however propose any r e l a t i o n s h i p . 
6.1.2 E v a l u a t i o n Procedure 
W i t h i n t h i s r e s e a r c h , f o u r t e e n data s e t s , r e p r e s e n t i n g 
t h r e e s u r f a c e s (see 3.3), were processed u s i n g f o u r t e e n 
d i f f e r e n t i n t e r p o l a t i o n methods (see 2.5). While g r e a t care 
was taken w i t h a l l programs t o ensure t h a t s e n s i b l e parameters 
were i n p u t , s t a n d a r d d e f a u l t v a l u e s were used where p o s s i b l e . 
I t i s c o n c e i v a b l e t h a t Improved r e s u l t s c o u l d be ac h i e v e d by 
exp e r i e n c e d users o f c e r t a i n programs. However, i t i s 
i m p o s s i b l e t o examine a l l parameter c o m b i n a t i o n s and c e r t a i n l y 
t he average u s e r , not l e a s t i n academia, must be c o n s i d e r e d 
i n e x p e r i e n c e d . The r e s u l t s o f t h i s e m p i r i c a l e x a m i n a t i o n w i l l 
be examined p r i m a r i l y a c c o r d i n g t o the range o f the 
i n t e r p o l a t i n g f u n c t i o n ( i . e . p o i n t w i s e , p a t c h w i s e , g l o b a l and 
h y b r i d ) and, sec o n d l y , arranged a c c o r d i n g t o each 
i n t e r p o l a t i o n method/program. 
For the purposes of t h i s e x a m i n a t i o n , v a r i o u s s t a t i s t i c s 
were d e r i v e d f o r each r a n d o m - t o - g r i d i n t e r p o l a t i o n performed. 
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I n each case, the i n t e r p o l a t e d g r i d was compared w i t h the 
r e l e v a n t observed r e f e r e n c e g r i d u s i n g t he program 'MATANN' 
( A l . 4 . 1 3 ) . I n i t i a l l y ) an e r r o r m a t r i x was generated which 
formed t h e b a s i s o f a l l t h e e r r o r s t a t i s t i c s . 
I t was e s s e n t i a l t o p e r f o r m a p r e l i m i n a r y i n v e s t i g a t i o n o f 
a c r o s s - s e c t i o n o f these e r r o r d i s t r i b u t i o n s so t h a t the 
r e s u l t s c o u l d have a b e a r i n g on the p r e c i s e form o f the f i n a l 
s t a t i s t i c s used. T h i s was und e r t a k e n on a f u l l range of the 
data s u r f a c e s , data s e t types and i n t e r p o l a t i o n methods. From 
t h i s s t u d y , i t was concluded t h a t : 
a. The i n i t i a l e r r o r d i s t r i b u t i o n s generated were 
near-normal; skewness was g e n e r a l l y low and p o s i t i v e , 
a l t h o u g h k u r t o s i s was o f t e n more peaked th a n normal. 
b. I n many cases, p a r t i c u l a r l y when p o o r l y d i s t r i b u t e d 
d a ta s e t types were c o n s i d e r e d or c e r t a i n i n t e r p o l a t o r s 
were used, s e v e r a l extreme e r r o r s were g e n e r a t e d . I n such 
c i r c u m s t a n c e s , these o u t l i e r s c o m p l e t e l y d i s t o r t e d and 
i n v a l i d a t e d c e r t a i n s t a t i s t i c s - e«g. mean, s t a n d a r d e r r o r 
and k u r t o s i s . 
c. I n a d d i t i o n t o p u r e l y e r r o r - b a s e d s t a t i s t i c s , the 
c r o s s - c o r r e l a t i o n s between a b s o l u t e e r r o r and v a r i o u s 
n e i g h b o u r - and g r a d i e n t - b a s e d d i s t r i b u t i o n s were 
i n v e s t i g a t e d i I t i s u n d e s i r a b l e t h a t any d i s t r i b u t i o n b e i n g 
c o r r e l a t e d w i t h a n o t h e r s h o u l d be skewed, t h e r e f o r e v a r i o u s 
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methods o f d i s t r i b u t i o n t r a n s f o r m a t i o n had t o be examined. 
As a r e s u l t of these c o n c l u s i o n s , 34 s t a t i s t i c s were 
computed f o r each data s e t / i n t e r p o l a t i o n method c o m b i n a t i o n as 
f o l l o w s . 
a. %BAD. Thi s s t a t i s t i c g i v e s a d e s c r i p t o r o f the 
c o n s i s t e n c y o f the i n t e r p o l a t i o n . I t i s generated by 
computing the number o f g r i d nodes (as a percentage o f the 
t o t a l ) where t he a b s o l u t e e r r o r i s g r e a t e r than an 
a r b i t r a r y v a l u e (40m). This v a l u e was s e l e c t e d s i n c e , on 
the b a s i s of the p r e l i m i n a r y i n v e s t i g a t i o n , i t was 
co n s i d e r e d t h a t t h i s would o n l y i n d i c a t e problem areas 
where the i n t e r p o l a t o r had c l e a r l y f a i l e d i n r e l a t i o n t o 
the i n p u t d a t a . I t would a l s o a l l o w a method whereby any 
e r r o r s f l a g g e d by an i n t e r p o l a t i o n program (eg. SURFACE I I 
GRAPHICS), which c o u l d n o t compute an i n d i v i d u a l g r i d v a l u e , 
c o u l d be no t e d . 
b. ORIGINAL ERROR RANGE. S t a t i s t i c s which p r o v i d e more 
i n f o r m a t i o n on the c o n s i s t e n c y o f the i n t e r p o l a t i o n are t h e 
minimum and maximum v a l u e s of the o r i g i n a l e r r o r 
d i s t r i b u t i o n ( t h e o r e t i c a l l y , more c o r r e c t l y termed t he 
maximum n e g a t i v e and maximum p o s i t i v e e r r o r ) . These v a l u e s 
are d e r i v e d from the o r i g i n a l ( i n t e r p o l a t i o n - r e f e r e n c e ) 
d i f f e r e n c e s u r f a c e and t h e r e f o r e s h o u l d be o f near s i m i l a r 
magnitude i f a normal d i s t r i b u t i o n e x i s t s . Any d e v i a t i o n 
from e q u a l i t y s h o u l d I n d i c a t e a p a r t i c u l a r b i a s i n an 
i n t e r p o l a t i o n p r ocess, a l t h o u g h i t sh o u l d be s t r e s s e d t h a t 
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t h i s i s a p o i n t - b a s e d s t a t i s t i c and t h e r e f o r e more 
r e s p o n s i v e t o sharp l o c a l f l u c t u a t i o n s . A l s o , where 
i n t e r p o l a t i o n programs c o u l d not compute a v a l u e and have 
f l a g g e d t h e r e s u l t a n t i n t e r p o l a t i o n g r i d , extreme e r r o r s 
have been I g n o r e d , thus b l a s s i n g t h e i r s t a t i s t i c s . I n such 
cases t h e t a b u l a t e d v a l u e s have been enclosed i n b r a c k e t s . 
c TRIMMED ERROR RANGE• I n o r d e r t o overcome t he 
problems o f cop i n g w i t h extreme e r r o r s as di s c u s s e d 
e a r l i e r , a q u a n t i l e - b a s e d approach was used f o r the 
subsequent s t a t i s t i c s . Having c o n s i d e r e d the %BAD 
s t a t i s t i c s , a r b i t r a r y v a l u e s o f 2.5% t o 97.5% ( e q u i v a l e n t 
to a 95% c o n f i d e n c e l i m i t - or 2 s t a n d a r d d e v i a t i o n s of a 
normal d i s t r i b u t i o n ) were used as the lower and upper 
q u a n t i l e l e v e l s . These l i m i t s were s e l e c t e d as i t was 
co n s i d e r e d they removed a l l gross b l u n d e r s and extreme 
e r r o r s ( g r e a t e r t h a n 2 s t a n d a r d d e v i a t i o n s ) , w h i l e not 
u n n e c e s s a r i l y b i a s s i n g subsequent s t a t i s t i c s . The 
r e s u l t a n t q u a n t i l e - b a s e d minimum and maximum e r r o r s ( a l s o 
more c o r r e c t l y termed t he maximum n e g a t i v e and maximum 
p o s i t i v e e r r o r ) t h e r e f o r e g i v e a more s t a b l e d e s c r i p t o r of 
the range of the a c c e p t a b l e i n t e r p o l a t i o n e r r o r s . 
U n f o r t u n a t e l y , i n s i t u a t i o n s (e^g. w i t h the use of SURFACE 
I I GRAPHICS on c e r t a i n data s e t s ) where t h e r e were more 
nodes not I n t e r p o l a t e d t h a n nodes removed by t r i m m i n g , the 
sample s i z e had t o be reduced even f u r t h e r , s i n c e c l e a r l y 
these v a l u e s c o u l d not be i n c l u d e d -
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d. MEAN ERROR. The a r i t h m e t i c mean of the noda l e r r o r s 
r e p r e s e n t s the s y s t e m a t i c e r r o r i n v o l v e d i n a p a r t i c u l a r 
i n t e r p o l a t i o n . The mean i s used here i n sensu l a t o and i s 
s t r i c t l y speaking a media d i c o n t o . I t i s the commonest 
measure o f c e n t r a l tendency which i s r e a d i l y u n d e r s t o o d , 
e a s i l y computed, and i s a u s e f u l benchmark f o r comparison 
w i t h o t h e r e v a l u a t i o n s e x t e r n a l t o t h i s r e s e a r c h . I t s main 
d i s a d v a n t a g e , t h a t i t s v a l u e i s d i s t o r t e d by one or two 
extreme v a l u e s , has been overcome by i t s d e r i v a t i o n from 
the q u a n t i l e - t r i m m e d e r r o r d i s t r i b u t i o n s . 
e. MEDIAN ERROR. I t i s expected t h a t a measure o f 
c e n t r a l tendency s h o u l d be near the mid d l e of the 
d i s t r i b u t i o n t o which i t r e f e r s . The median, whose v a l u e 
d i v i d e s the t o t a l f r e q u e n c y i n t o two hal v e s and t h e r e f o r e 
i s not changed by t r i m m i n g , must t h e r e f o r e be c o n s i d e r e d a 
s u p e r i o r s t a t i s t i c a l measure t o the mean. I t has the 
advantage over t he mean t h a t i t i s not bia s s e d by the r e s t 
of the d i s t r b u t i o n , and t h e r e f o r e i l l u s t r a t e s whether 
p o s i t i v e or n e g a t i v e e r r o r s are more l i k e l y . However, t h i s 
c o u l d be argued t o be a disa d v a n t a g e i n s p e c i f i c 
c i r c u m s t a n c e s . I n g e n e r a l , the s t r e n g t h o f u s i n g both 
measures l i e s i n t h e i r mutual c o m p l e m e n t a r i t y . 
f . MEAN OF THE ABSOLUTE ERROR (ABS MEAN). Th i s i s a t 
l e a s t as i m p o r t a n t as the MEAN ERROR, s i n c e i t g i v e s an 
e s t i m a t o r o f the magnitude o f the l i k e l y e r r o r of the 
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process. T h i s mean i s computed i n e x a c t l y the same way as 
the MEAN ERROR except t h a t , a f t e r the q u a n t i l e t r i m m i n g , 
the a b s o l u t e e r r o r has been used. By d e f i n i t i o n , i t has the 
disa d v a n t a g e t h a t t h e d i s t r i b u t i o n i s t r u n c a t e d a t 0.0, and 
t h e r e f o r e t h e r e i s a h i g h p r o b a b i l i t y t h a t i t I s p o s i t i v e l y 
skewed. T h i s would be u n s a t i s f a c t o r y i f the s t a t i s t i c was 
t o be used i n subsequent s t a t i s t i c a l a n a l y s e s , as i t c o u l d 
be argued t h a t i t was not t r u ly r e p r e s e n t a t i v e o f the 
c e n t r a l tendency o f the d i s t r i b u t i o n . 
g. MEDIAN OF THE ABSOLUTE ERROR (ABS MEDIAN). This a l s o 
g i v e s a s u p e r i o r measure o f c e n t r a l tendency. T h i s i s 
e s p e c i a l l y t r u e s i n c e the a b s o l u t e e r r o r d i s t r i b u t i o n i s 
u s u a l l y p o s i t i v e l y skewed. I t t h e r e f o r e p r o v i d e s a more 
s t a t i s t i c a l l y s a t i s f a c t o r y measure i f a s t a t i s t i c a l measure 
o f c e n t r a l tendency i s t o be used i n a subsequent 
s t a t i s t i c a l a n a l y s i s . As p r e v i o u s l y , the s t r e n g t h o f u s i n g 
b o t h median and mean measures l i e s i n t h e i r m utual 
c o m p l e m e n t a r i t y . T h i s median i s computed i n e x a c t l y the 
same way as t h e MEDIAN ERROR except t h a t , a f t e r t r i m m i n g , 
t h e a b s o l u t e e r r o r has been used. 
h. STANDARD ERROR. Thi s p r o v i d e s an e s t i m a t o r o f the 
v a r i a n c e o f the e r r o r d i s t r i b u t i o n . I t p r o v i d e s an 
i n d i c a t o r o f how e r r o r i s d i s t r i b u t e d about the mean, and 
has t h e r e f o r e f r e q u e n t l y been used as a s t a n d a r d measure o f 
the g l o b a l accuracy o f the i n t e r p o l a t i o n by o t h e r 
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r e s e a r c h e r s . Since i t i s the second moment of a frequency 
d i s t r i b u t i o n t aken about the a r i t h m e t i c mean, i t s u f f e r s 
f rom the l i m i t a t i o n s o f the mean. Th i s makes i t s u s c e p t i b l e 
t o extremes and skewness. I t vas t h e r e f o r e computed from 
the trimmed d i s t r i b u t i o n s t o remove the e f f e c t s o f extreme 
v a l u e s . However, s i n c e the measure i s f r e q u e n t l y used i n 
s i m i l a r s t u d i e s , t he d i s t r i b u t i o n was not t r a n s f o r m e d t o 
min i m i s e skewness ( a l t h o u g h t h i s may have been p r e f e r a b l e 
f o r any subsequent s t a t i s t i c a l a n a l y s e s ) , so as t o enable 
o t h e r r e s e a r c h e r s t o p e r f o r m d i r e c t comparisons w i t h t h e i r 
s t a t i s t i c a l r e s u l t s . 
i . SKEWNESS and KURTOSIS• These were computed o f the 
f u l l q u a n t i l e - t r u n c a t e d e r r o r d i s t r i b u t i o n s t o p r e s e n t a 
more c o n c i s e d e s c r i p t o r o f the shape o f the d i s t r i b u t i o n s . 
SKEWNESS measures the asymmetry o f a d i s t r i b u t i o n . I n a 
Gaussian d i s t r i b u t i o n t h e mean, t he median and mode 
c o i n c i d e . I n a unimodal skew d i s t r i b u t i o n , t h e mean and -
t o a l e s s e r e x t e n t - the median l i e on the s i d e of the 
d i s t r i b u t i o n which has the l o n g e r t a i l a l t h o u g h t he mode 
i s s t i l l a t the p o i n t where the curve i s h i g h e s t . 
P o s i t i v e l y skewed d i s t r i b u t i o n s have the l o n g e r t a i l t o the 
r i g h t . C aswell (1982) suggests t h a t w h i l e the v a l u e o f the 
c o e f f i c i e n t o f skewness l i e s between -3 and +3, va l u e s 
below -1 and above +1 a r e r a r e and i n d i c a t e v e r y skewed 
d i s t r l b u t i o n s . 
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KURTOSIS i s 
"used t o d e s c r i b e the e x t e n t t o which a unimodal 
f r e q u e n c y curve i s 'peaked'; t h a t i s t o say, the e x t e n t 
o f the r e l a t i v e steepness o f the accent i n the 
neighbourhood o f the mode" ( K e n d a l l and Buckland, 1982). 
I n t h i s s i t u a t i o n i t assumes a v a l u e o f 3 f o r a normal 
d i s t r i b u t i o n . Curves f o r which the v a l u e i s l e s s t h a n , 
e q u a l t o or g r e a t e r than 3 are known r e s p e c t i v e l y as 
p l a t y k u r t i c , m e s o k u r t i c and l e p t o k u r t i c . 
j . SURFACE CORRELATION. The SURFACE CORRELATION ( t h a t 
c o r r e l a t i o n between t he i n t e r p o l a t e d and r e f e r e n c e g r i d 
nodes) i s an o t h e r p o p u l a r d e s c r i p t o r which conveys an 
e s t i m a t e o f the g l o b a l accuracy of the i n t e r p o l a t i o n . 
U n f o r t u n a t e l y , due t o t h e g r e a t e r w i t h i n - s u r f a c e v a r i a n c e s 
and s m a l l e r c o v a r l a n c e s , v i r t u a l l y a l l i n t e r p o l a t i o n 
s u r f a c e s have SURFACE CORRELATIONS o f g r e a t e r than 0.950 
w i t h the m a j o r i t y g r e a t e r than 0.987. T h i s devalues t he 
s t a t i s t i c ' s c o m p a r a t i v e d e s c r i p t i v e power. I t sho u l d be 
noted t h a t , i n computing t h i s and the subsequent Pearson's 
p r o d u c t moment c o e f f i c i e n t s o f c o r r e l a t i o n , g r i d nodes w i t h 
e r r o r s o u t s i d e t h e q u a n t i l e range were not i n c l u d e d . 
k. ERROR/CHARACTERISTIC CORRELATIONS. I n a t t e m p t i n g t o 
r e l a t e a b s o l u t e e r r o r t o c h a r a c t e r i s t i c s o f the d a t a , t h r e e 
c o r r e l a t i o n c o e f f i c i e n t s were computed f o r each 
i n t e r p o l a t e d g r i d - ERROR/NEAR, ERR0R/N0NN and ERROR/GRAD; 
i t s h o u l d be s t r e s s e d from the o u t s e t t h a t t h e i r a b s o l u t e 
magnitude i s not c o n s i d e r e d n e a r l y as i m p o r t a n t as the 
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t r e n d s they d i s p l a y . I n computing any c o r r e l a t i o n s , i t i s 
i m p o r t a n t t h a t , where p o s s i b l e , the two c o n t r i b u t i n g 
d i s t r i b u t i o n s s h o u l d be as near-normal as p o s s i b l e w i t h low 
skewness. I t was t h e r e f o r e decided t o t r a n s f o r m a l l 
component d i s t r i b u t i o n s t o mi n i m i s e t h e i r skewness. 
A f t e r a d e t a i l e d e x a m i n a t i o n of p o s s i b l e t r a n s f o r m a t i o n s 
and t h e i r e f f e c t s on a r e p r e s e n t a t i v e range o f the 
d i s t r i b u t i o n s t o be encountered. t h r e e s o l u t i o n s were 
s e l e c t e d , namely: 
1. no t r a n s f o r m a t i o n ; 
2. l o g l o ( x ) t r a n s f o r m a t i o n ; 
3. l o g a-(x) t r a n s f o r m a t i o n . 
to 
Since v i r t u a l l y a l l d i s t r i b u t i o n s were s t r o n g l y 
p o s i t i v e l y skewed i t was hoped t h a t the l o g t r a n s f o r m a t i o n 
would r e v e r s e t h i s skewness. I n p r a c t i c e , the r e v e r s a l was 
too s t r o n g and a moderate p o s i t i v e i n f l u e n c e was generated 
by s q u a r i n g t h e l o g t r a n s f o r m a t i o n . I t i s i m p o s s i b l e t o 
c o n s i d e r t he e f f e c t on a l l the s p e c i f i c s i t u a t i o n s i n t h i s 
l i m i t e d d i s c u s s i o n ; however^ s i n c e t h e GPCP i n t e r p o l a t i o n 
method produced a p p r o x i m a t e l y average r e s u l t s , i t has been 
used as a s p e c i f i c case st u d y - see Tables 6.1a-d. The f o u r 
t a b l e s summarise the SKEWNESS and KURTOSIS s t a t i s t i c s f o r 
each s o l u t i o n * For each data s e t , t he s u p e r i o r s o l u t i o n i s 
enclo s e d w i t h i n a box. While no one s o l u t i o n i s optimum, 
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1-0. 17 2.351 0.60 2.48 


































1-0.33 2.581 0.56 2.61 
Table 6.1a Summary of SKEWNESS and KURTOSIS a f t e r 
t r a n s f o r m a t i o n of t h e ABSOLUTE ERROR d i s t r i b u t i o n . 
DATA 
TRANSFORMATION 
none l o g l e ( x ) l o g i e * ( x ) 
































1-0. 19 3.441 -2.62 8.56 
1.47 4.74 













-0. 26 2.90| -1.66 6.21 
0.88 3.51 1 - 0 . 12 2. 70J 
Table 6.1b Summary of SKEWNESS and KURTOSIS a f t e r 
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Table 6.1c Summary of SKEWNESS and KURTOSIS a f t e r 





l o g | o ( x ) 
SKEW KURT 
l o g 1 Q ( x ) 
SKEW KURT 
IB 1 . 33 5.80 
IC 1.27 5.62 
IG 1.18 5.19 
IR 1.27 5.62 
IS 1.30 5.92 
•0. 75 4.07 
•0. 78 4. 14 
•0.81 3.95 

























































FB 2.63 13.61 
FC 2.59 13.20 
FG 2.64 14.96 
FS 2.66 14.45 
0.01 2.79 
•0.03 2.87 






Table 6.Id Summary o f SKEWNESS and KURTOSIS a f t e r 
t r a n s f o r m a t i o n of the GRAD d i s t r i b u t i o n . 
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never the wor s t s o l u t i o n . I t was t h e r e f o r e decided t h a t a l l 
the r e l e v a n t d i s t r i b u t i o n s would undergo t h i s 
t r a n s f o r m a t i o n b e f o r e any c o r r e l a t i o n c o e f f i c i e n t was 
gen e r a t e d . The poor SKEWNESS va l u e s f o r the LIAN data s e t s 
i n t h e NEAR and NONN d i s t r i b u t i o n s , t h e FORV da t a s e t s i n 
the GRAD d i s t r i b u t i o n s and the GRID data s e t s i n the NEAR 
d i s t r i b u t i o n s s h o u l d be noted f o r the main d i s c u s s i o n on 
the r e s u l t a n t c o r r e l a t i o n c o e f f i c i e n t s . 
Another f a c t o r t o be c o n s i d e r e d is the l e v e l o f 
s i g n i f i c a n c e f o r the c o r r e l a t i o n c o e f f i c i e n t s . These have 
been computed f o r t h r e e l e v e l s of s i g n i f i c a n c e f o r each o f 
the d ata models and are summarised i n Table 6.2. These are 
remar k a b l y low as a d i r e c t r e s u l t o f the v e r y l a r g e 
p o p u l a t i o n s used t o generate them - 2400-4000 depending on 
the s p e c i f i c d a t a models used. 
More s p e c i f i c a l l y , t h e ERROR/NEAR c o e f f i c i e n t r e p r e s e n t s 
the c o r r e l a t i o n between the a b s o l u t e trimmed e r r o r and the 
d i s t a n c e t o the ne a r e s t data p o i n t ( a t the r e l e v a n t g r i d 
node) used t o generate t h a t g r i d . I f t h e accuracy o f the 
i n t e r p o l a t i o n v a r i e s d i r e c t l y w i t h t h e nearness of a data 
p o i n t , t h e n t h i s v a l u e s h o u l d tend t o +1.0. 
The ERROR/NONN c o e f f i c i e n t r e p r e s e n t s the c o r r e l a t i o n 
between t he a b s o l u t e trimmed e r r o r and the number o f data 
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• SIGNIFICANCE INCH LIAN FORV 
v e r y h i g h l y s i g n i f i c a n t ( 0 . 1 % ) 
h i g h l y s i g n i f i c a n t ( 1 % ) 
s i g n i f i c a n t ( 5 % ) 
0.067 0.061 0.050 
0.053 0.048 0.041 
0.040 0.036 0.030 
Table 6.2 Lev e l s of s i g n i f i c a n c e f o r i n t e r p o l a t i o n / 
c h a r a c t e r i s t i c c o r r e l a t i o n c o e f f i c i e n t s . 
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p o i n t s ( o r NO. of Nearest Neighbours) w i t h i n a c e r t a i n 
range o f the r e l e v a n t g r i d nodes. The ranges used were 
c o n s t a n t f o r each data model: 95.0m f o r a l l INCH data s e t s 
and 50.0 f o r a l l LIAN and FORV data s e t s ( t h e two d i f f e r e n t 
v a l u e s b e i n g n e c e s s i t a t e d by the major d i f f e r e n c e i n s c a l e 
and area covered by INCH w i t h r e s p e c t t o LIAN and FORV). 
Since i n t e r p o l a t i o n accuracy i s g e n e r a l l y t h o u g h t t o 
improve w i t h the average number o f data p o i n t s used t o 
e s t a b l i s h each i n t e r p o l a t e d p o i n t , a n e g a t i v e c o e f f i c i e n t 
would be expected. However, i t must be remembered t h a t t h e 
NONN d i s t r i b u t i o n i s d i s c o n t i n u o u s and t h i s may a d v e r s e l y 
a f f e c t the c o r r e l a t i o n c o e f f i c i e n t . 
The ERROR/GRAD c o e f f i c i e n t i s the c o r r e l a t i o n between 
the a b s o l u t e trimmed e r r o r and the g r a d i e n t ( a t the 
r e l e v a n t g r i d node) o f the r e f e r e n c e t e r r a i n s u r f a c e . I n 
c o n v e n t i o n a l t o p o g r a p h i c mapping, v e r t i c a l e r r o r i s always 
r e l a t e d d i r e c t l y t o g r a d i e n t . T h e r e f o r e , as the g r a d i e n t 
i n c r e a s e s , so the e r r o r s h o u l d i n c r e a s e , r e s u l t i n g i n a 
p o s i t i v e c o r r e l a t i o n . 
1. IN/OUT RANGES and MEANS. Two f i n a l s e t s o f s t a t i s t i c s 
were g e n e r a t e d p u r e l y t o a i d the i n v e s t i g a t i o n of the 
r e l a t i v e causes of i n t e r p o l a t i o n e r r o r between s p e c i f i c 
data s e t s and i n t e r p o l a t i o n models. They were t h e r e f o r e 
s e l e c t e d t o pr e s e n t an e a s i l y u n d e rstood d e s c r i p t o r which 
c o u l d be e a s i l y compared between data s e t s / I n t e r p o l a t i o n 
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models. The IN-MIN, -MAX and -MEAN v a l u e s f o l l o w on from 
the p r e v i o u s c o r r e l a t i o n c o e f f i c i e n t s i n t h a t they p r o v i d e 
more i n f o r m a t i o n on the NEAR, NONN and GRAD v a l u e s w h i c h 
occurfed a t the trimmed e r r o r g r i d nodes. A l t e r n a t i v e l y , t h e 
s i m i l a r f o r m a t OUT-MIN, -MAX and -MEAN v e r s i o n s are d e r i v e d 
from t h e NEAR, NONN and GRAD val u e s which occurred a t the 
e r r o r g r i d nodes o u t s i d e t h e q u a n t i l e l i m i t s . They 
t h e r e f o r e p r o v i d e i n d i c a t o r s , when compared w i t h t h e IN 
s t a t i s t i c s , as t o the l i k e l y causes o f extreme e r r o r . 
These s t a t i s t i c s are secondary compared witK C n e p r e v i o u s 
s t a t i s t i c s which q u a n t i f y t h e i n t e r p o l a t i o n e r r o r , however, 
they do a i d the i n v e s t i g a t i o n o f e r r o r sources. 
I n c o n c l u s i o n ) a wide v a r i e t y o f s t a t i s t i c s have been 
gen e r a t e d f o r each data s e t / i n t e r p o l a t i o n method c o m b i n a t i o n . 
These have been a r r a n g e d i n two summary t a b l e s f o r each 
I n t e r p o l a t i o n method - the second t a b l e c o n t a i n i n g t h e 
secondary IN/OUT s t a t i s t i c s o n l y . I n a d d i t i o n , a s e r i e s o f 
rank c o r r e l a t i o n s have been e s t a b l i s h e d between these 
s t a t i s t i c s and those data and s u r f a c e c h a r a c t e r i s t i c s 
g e n e r a t e d e a r l i e r . These have been generated w i t h i n each 
d e l , and averaged o v e r a l l . From t he p r e v i o u s d i s c u s s i o n i n 
Chapter 4, i t was apparent t h a t L1AN-R1VER produced 
u n r e p r e s e n t a t i v e r e s u l t s due t o unusual f e a t u r e s o f the d a t a . 
That data s e t was t h e r e f o r e o m i t t e d i n the b u l k o f the 
computations o f the rank c o r r e l a t i o n s . I t was f e l t necessary 
t o i l l u s t r a t e the s t r e n g t h of the c o r r e l a t i o n s by u s i n g 
s c a t t e r g r a m s , however, i t was a l s o f e l t t h a t too many 
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s c a t t e r g r a m s would u n n e c e s s a r i l y i n c r e a s e the t h i c k n e s s o f 
t h i s t h e s i s 7 d e t r a c t from the importance o f the o t h e r 
s t a t i s t i c s , and o v e r s t r e s s t he o n l y r e l a t i v e importance o f the 
c o r r e l a t i o n s . T h e r e f o r e , sample s c a t t e r g r a m s have o n l y been 
i n c l u d e d i n t h e c o n c l u s i o n t o t h i s c h a p t e r (6.6.3 and 6.6.4). 
Throughout t he d i s c u s s i o n , s e v e r a l examples o f the i s a r i t h m 
maps d e r i v e d from t h e i n t e r p o l a t e d g r i d ( u s i n g GHOST-CONTRA) 
are used t o i l l u s t r a t e t h e g e n e r a l m o r p h o l o g i c a l ' t r u e n e s a ' o f 
the methods o f i n t e r p o l a t i o n . C l e a r l y , i t i s i m p o s s i b l e t o 
examine a l l t h e data s e t s i n such a f a s h i o n , as t h i s would 
r e s u l t I n s e v e r a l hundred maps. A r e p r e s e n t a t i v e subset o f the 
f u l l t o t a l has t h e r e f o r e been c a r e f u l l y s e l e c t e d t o I l l u s t r a t e 
the nuances produced by the v a r i o u s methods. W i t h i n these 
maps, i s a r i t h m s were drawn b o t h a t the same l e v e l s as the 
r e f e r e n c e i s a r i t h m s and, where necessary, a t two l e v e l s below 
and above these l e v e l s . T h e r e f o r e i n s e v e r a l cases ( n o t a b l y 
GINOSURF, GHOT and MINCURV), where extreme i n t e r p o l a t e d g r i d 
v a l u e s occurred o u t s i d e t h i s range, no i s a r i t h m s were drawn: i n 
many of these cases, t h e i r i n c l u s i o n would have r e s u l t e d i n 
i n t o l e r a b l y l o n g p l o t t i n g times and the dense i s a r i t h m s would 
have obscured a l l o t h e r d e t a i l s i n t h e i r v i c i n i t y . 
I t s h o u l d be noted t h a t the t i t l e s o f the f i g u r e s have been 
a b b r e v i a t e d . The f i r s t l e t t e r r e f e r s t o the data model (INCH -
I , LIAN - L and FORV - F ) . The second l e t t e r r e f e r s t o the 
data set type (BREAKLINE - B, CONTOUR - C, GRID - G, RIVER - R 
and SCATTER - S). Thus, 'F-S OCTANT' r e f e r s t o t h e r e s u l t s o f 
p r o c e s s i n g the FORV-SCATTER data s e t t h r o u g h t he OCTANT o p t i o n 
of SURFACE I I GRAPHICS. I n a d d i t i o n , t h e s t a n d a r d c o n v e n t i o n 
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t h r o u g h o u t t h i s d i s c u s s i o n w i l l be t o r e f e r t o the top f i g u r e 
as F i g u r e a and the bottom f i g u r e as F i g u r e b. 
6.2 POINTWISE METHODS 
6.2.1 SURFACE I I GRAPHICS 
G r i d e s t i m a t i o n may be performed i n SURFACE I I GRAPHICS by 
u t i l i s i n g t h r e e types o f f u n c t i o n (see a l s o 2.5.3 and 
A l . 3 . 1 2 ) . The 'TREND' r o u t i n e i n v o l v i n g g l o b a l p o l y n o m i a l 
i n t e r p o l a t i o n was, however, n o t a v a i l a b l e i n the v e r s i o n 
accessed. 'KRIGE' i n v o l v i n g t he u n i v e r s a l k r i g i n g o p t i o n o f 
Olea w i l l be examined s e p a r a t e l y . The main form o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n a v a i l a b l e was the p o i n t w i s e , 
d i s t a n c e - w e i g h t e d a v e r a g i n g r o u t i n e 'GRID' and i t s a s s o c i a t e d 
search r o u t i n e s 'NEAR', 'QUADRANT', 'OCTANT' and 'VRADIUS'. 
Where p o s s i b l e , a l l r o u t i n e s were used i n t h e i r most b a s i c 
d e f a u l t form. G r i d e s t i m a t i o n t h e r e f o r e i n v o l v e d a 
d i s t a n c e - w e i g h t e d average of nearby sample p o i n t s and not a 
weigh t e d average o f s u r f a c e s f i t t e d t o the l o c a l d a t a . W i t h i n 
t h i s i n t e r p o l a t i o n , SURFACE I I GRAPHICS a l l o w s the user t o 
va r y the search method and the w e i g h t i n g f u n c t i o n used i n the 
subsequent e s t i m a t i o n p r o c e s s . 
The e f f e c t o f v a r y i n g these parameters was examined i n 
d e t a i l . Each search procedure (NEAR, OCTANT, QUADRANT and 
VRADIUS) was used w i t h each data s e t and the w e i g h t i n g f a c t o r , 
'WO'. A d d i t i o n a l l y , each w e i g h t i n g f a c t o r (WO,1,2,3 and A) was 
u t i l i s e d I n c o n j u n c t i o n w i t h the NEAR search procedure and the 
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s c a t t e r e d data s e t s . Where g r i d nodes c o u l d not be e v a l u a t e d 
due t o I n s u f f i c i e n t data p o i n t s b e i n g found by the search 
r o u t i n e i n o p e r a t i o n ) a v a l u e o f -99.999 was e s t a b l i s h e d . I n 
g e n e r a l , such nodes were not i n the bord e r area around t h e 
model and t h e r e f o r e were not a d i r e c t r e s u l t o f 'EDGE EFFECTS' 
(poor I n t e r p o l a t i o n on the edges caused by t h e m a j o r i t y o f the 
search area b e i n g o u t s i d e t h e area o f i n t e r e s t and thus o f the 
a v a i l a b l e data p o i n t s - r e s u l t i n g i n an I n s u f f i c i e n t number of 
data p o i n t s b e i n g f o u n d ) . I t i s i m p o r t a n t t o note where t h i s 
has o c c u r r e d , s i n c e i t has meant t h a t extreme v a l u e s , which 
may have o c c u r r e d i n t h e ORIGINAL-MIN and -MAX i n o t h e r 
i n t e r p o l a t i o n methods' s t a t i s t i c s ^ have been o m i t t e d from a l l 
SURFACE I I GRAPHICS ORIGINAL s t a t i s t i c s . To t h a t e x t e n t , these 
s t a t i s t i c s a re b i a s s e d . 
6.2.1.1 DEFAULT 
The DEFAULT search r o u t i n e w i t h i n GRID i s NEAR whic h , f o r 
each g r i d node, s e l e c t s (by d e f a u l t ) t h e n e a r e s t 8 p o i n t s 
w i t h i n t h e maximum d e f a u l t r a d i u s l i m i t s . The 'searched' 
p o i n t s are w e i g h t e d and averaged and must t h e r e f o r e always 
produce an i n t e r p o l a t e d v a l u e w i t h i n t h e range o f the data 
p o i n t s and thus a smoother s u r f a c e than the o r i g i n a l data 
s u r f a c e . The r e s u l t s o f u s i n g DEFAULT are found i n Table 
6.3a/b. 
Examining the c o n s i s t e n c y parameters (%BAD, ORIGINAL MIN 
and MAX), i t i s apparent t h a t the DEFAULT search method has 
v e r y v a r i a b l e c o n s i s t e n c y . The %BAD s t a t i s t i c s v a r y q u i t e 
a b r u p t l y from 0.0 t o 26.96 (one q u a r t e r o f the va l u e s not 
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e s t i m a t e d ) . T h i s i s c l e a r l y u n d e s i r a b l e a l t h o u g h i t i s 
e x p l a i n e d by the h i g h l y s i g n i f i c a n t rank c o r r e l a t i o n (0.86) 
between ZBAD and NNS (see Table 3.2). This i s sup p o r t e d by 
c o n s i d e r i n g t h e IN-NEAR and OUT-NEAR s t a t i s t i c s . Where h i g h 
ZBAD s t a t i s t i c s occur - most n o t i c e a b l y w i t h the RIVER and 
BREAKLINE data s e t s - t h e r e i s a d r a m a t i c i n c r e a s e i n the NEAR 
MEAN (OUT minus I N ) . Indeed, over the f u l l range o f data s e t s , 
t h i s amounts t o a v e r y h i g h l y s i g n i f i c a n t rank c o r r e l a t i o n o f 
0.92. A l t e r n a t i v e l y , o n l y a s i g n i f i c a n t rank c o r r e l a t i o n 
(-0.83) e x i s t s between ZBAD and the NONN MEAN (OUT minus I N ) , 
s u g g e s t i n g t h a t node/data p o i n t nearness i s the main 
c o n t r i b u t o r t o poor i n t e r p o l a t i o n c o n s i s t e n c y . 
The ORIGINAL MIN and MAX s t a t i s t i c s a l s o p r o v i d e a measure 
o f b i a s of the i n t e r p o l a t i o n . I n g e n e r a l , t he magnitudes of the 
MIN and MAX va l u e s are s i m i l a r , s u g g e s t i n g t h e w e l l - b a l a n c e d 
n a t u r e of the i n t e r p o l a t i o n . Notable e x c e p t i o n s a re INCH-RIVER 
and -SCATTER which must i n d i c a t e s p e c i a l f e a t u r e s o f the data 
s e t s . 
A s i m i l a r s t r o n g c o r r e l a t i o n occurs between NNS and the 
accuracy d e s c i p t o r s . STANDARD ERROR and ABS MEAN have rank 
c o r r e l a t i o n s of 0.75, a l t h o u g h o n l y SURFACE CORRELATION 
produces a s i g n i f i c a n t rank c o r r e l a t i o n o f 0.82 w i t h NNS. Near 
v a l u e s tend t o be s i m i l a r and d i s t a n t v a l u e s d i f f e r , t h e r e f o r e 
i f the n e a r e s t data p o i n t t o a g r i d node i s q u i t e d i s t a n t , the 
chances are t h a t t h e i n t e r p o l a t e d v a l u e c o u l d be s t r o n g l y i n 
e r r o r . T h i s m a n i f e s t s i t s e l f i n a weak, y e t r e l a t i v e l y 
c o n s i s t e n t ERROR/NEAR c o r r e l a t i o n - mean of 0.300. I t i s 
n o t a b l e t h a t a low n e g a t i v e c o r r e l a t i o n e x i s t s between e r r o r 
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and the number o f near neighbours (ERROR/NONN) . I t I s c l e a r l y 
i m p o r t a n t t o have a few neighbours t o p r o v i d e a reasonable 
l o c a l sample ; a l t h o u g h a l a r g e number i s not as i m p o r t a n t as 
i s an even d i s t r i b u t i o n i n the l o c a l i t y o f the g r i d node. 
N o t i c e a b l y , t h e next s t r o n g e s t a c c u r a c y - r e l a t e d rank 
c o r r e l a t i o n s occur w i t h the g r i d - b a s e d a r e a l a u t o c o r r e l a t i o n 
f u n c t i o n (see Table 4.3). Moderate rank c o r r e l a t i o n o f 0.67 
occurs w i t h SURFACE CORRELATION and ABS MEAN and 0.73 occurs 
w i t h STANDARD ERROR. The GRID i n t e r p o l a t i o n i s a data 
a v e r a g i n g p r o c e s s . Where the s u r f a c e i s smooth and f l a t , t h e 
data p o i n t s t o be averaged w i l l have s i m i l a r c h a r a c t e r i s t i c s , 
p r o v i d i n g a s i m i l a r i n t e r p o l a t e d v a l u e . However, when the 
s u r f a c e i s rough, or even when t h e r e i s a c o n s t a n t t e r r a i n 
s l o p e , and th e data p o i n t s found by the search r o u t i n e do n ot 
r e p r e s e n t a balanced h e i g h t d i s t r i b u t i o n i n t h e environment o f 
the i n t e r p o l a t e d p o i n t , the v a l u e w i l l be i n e r r o r t o an 
e x t e n t r e l a t e d t o the g e n e r a l t r e n d o f the l o c a l s u r f a c e and 
the p o i n t d i s t r i b u t i o n . 
Examining t h e STANDARD ERROR i n more d e p t h , i t i s 
n o t i c e a b l e t h a t t h i s form o f i n t e r p o l a t i o n p r o v i d e s g e n e r a l l y 
c o n s i s t e n t r e s u l t s when the p o i n t d i s t r i b u t i o n i s re a s o n a b l y 
even. S e r i o u s problems do occur where t h e s u r f a c e i s 
p a r t i c u l a r l y v a r i a b l e and the data p o i n t s are p o o r l y 
d i s t r i b u t e d - INCH-RIVER (NNS o f 0.804) and INCH-BREAKLINE 
(NNS o f 1 093). F u r t h e r m o r e , where a data p o i n t i s l o c a t e d on 
a g r i d node, i t i s adopted as the i n t e r p o l a t e d v a l u e ; c l e a r l y 
i f t h e r e are many such i n s t a n c e s , the GRID g r i d s w i l l have a 
p a r t i c u l a r l y low STANDARD ERROR. E x c l u d i n g these s p e c i a l 
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cases, g e n e r a l l y low w i t h i n - m o d e l v a r i a t i o n s are produced by 
t h i s method. 
Another i n t e r e s t i n g weak, y e t c o n s i s t e n t c o r r e l a t i o n 
e x i s t s e x i s t s between e r r o r and g r a d i e n t (ERROR/GRAD). Th i s i s 
a d i r e c t r e s u l t o f a skewed data p o i n t h e i g h t d i s t r i b u t i o n 
w i t h i n an I n d i v i d u a l search area h a v i n g a maximum e f f e c t when 
the g r a d i e n t i s a t a maximum. For example, on a c o n s t a n t l y 
r i s i n g s l o p e , a si m p l e w e i g h t e d mean w i l l s y s t e m a t i c a l l y 
I n t e r p o l a t e low i f t he m a j o r i t y o f p o i n t s are a t the bottom o f 
a s l o p e and few p o i n t s are a t the top o f a s l o p e . The 
magnitude o f the e r r o r w i l l v a r y d i r e c t l y w i t h the steepness 
o f the s l o p e . T h e r e f o r e , e x c l u d i n g RIVER data ( w h i c h i n terms 
of s u r f a c e r e p r e s e n t a t i o n have an i n h e r e n t l y p o s i t i v e l y skewed 
h e i g h t d i s t r i b u t i o n ) , the s u r f a c e - s p e c i f i c data s e t s 
(BREAKLINE and CONTOUR) produce weaker c o r r e l a t i o n 
c o e f f i c i e n t s t h a n do the surface-random data s e t s (GRID and 
SCATTER). Use o f FORV data r e s u l t s i n much weaker c o r r e l a t i o n 
c o e f f i c i e n t s due t o t h e i r l e s s - n o r m a l i s e d d i s t r i b u t i o n o f 
slo p e across t he s u r f a c e - p o s i t i v e l y skewed w i t h a h i g h 
k u r t o s i s (see Table 4.10b). 
The MEAN and MEDIAN ERROR, TRIMMED MIN and MAX and SKEWNESS 
p r o v i d e d e s c r i p t o r s o f s y s t e m a t i c e r r o r and b i a s i n the 
i n t e r p o l a t i o n method. I n g e n e r a l , s y s t e m a t i c e r r o r , as 
p o r t r a y e d by the MEAN ERROR, i s s m a l l i n these data s e t s . A 
low average i n one area w i l l be compensated by a h i g h average 
i n a n o t h e r , thus maximum and minimum e r r o r s are a p p r o x i m a t e l y 
e q u a l and, e x c l u d i n g RIVER d a t a , low mean e r r o r s e x i s t ( l e s s 
than +/-1.10m). I t i s not s u r p r i s i n g t h a t RIVER data s h o u l d 
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have h i g h n e g a t i v e means- R i v e r s occupy the low e s t e l e v a t i o n s 
and, s i n c e the i n t e r p o l a t i o n method averages the data v a l u e s , 
RIVER data must always produce s y s t e m a t i c a l l y low r e s u l t s . 
More i n t e r e s t i n g l y , CONTOUR data g e n e r a t e a s m a l l p o s i t i v e 
s y s t e m a t i c e r r o r , w h i l e GRID data c o n s i s t e n t l y produce low 
s y s t e m a t i c e r r o r . SCATTER data produce a v a r i a b l e p o s i t i v e 
s y s t e m a t i c e r r o r and BREAKLINE data produce g e n e r a l l y v a r i a b l e 
r e s u l t s . 
S u r p r i s i n g l y , t h e MEAN and MEDIAN ERRORS have o n l y a weak 
rank c o r r e l a t i o n (0.50) w i t h the mean a l t i t u d e s (see Table 
4.10a) as d e r i v e d from t he s u r f a c e c h a r a c t e r i s t i c ( p o i n t w i s e 
p o l y n o m i a l ) program GEOD. While t h i s may be a f a c e t o f the 
i n d i r e c t method o f g e n e r a t i n g the mean a l t i t u d e s , i t may a l s o 
be due i n p a r t t o the e f f e c t o f the a l t i t u d i n a l range b e i n g 
p a r t i a l l y obscured by the data d i s t r i b u t i o n . For example, 
t h e r e are l a r g e v o i d s between RIVER data p o i n t s w h i c h , i f they 
are s y s t e m a t i c a l l y i n t e r p o l a t e d low, w i l l g e n e r a t e a l a r g e 
n e g a t i v e e r r o r . CONTOUR and GRID data s e t s a r e , by c o n t r a s t , 
w e l l d i s t r i b u t e d i n the p l a n e , t h e r e f o r e l o c a l i s e d n e g a t i v e 
and p o s i t i v e e r r o r areas w i l l be s m a l l , randomly d i s t r i b u t e d 
and tend t o c a n c e l each o t h e r o u t . BREAKLINE and SCATTER data 
s e t s have a more heterogeneous d i s t r i b u t i o n o f data v o i d s i z e s 
which r e s u l t s i n a more random d i s t r i b u t i o n o f s y s t e m a t i c 
e r r o r . 
I n g e n e r a l , t h e r e i s l i t t l e v a r i a t i o n between t he use o f 
the MEAN and MEDIAN ERROR s t a t i s t i c s . Indeed, a h i g h l y 
s i g n i f i c a n t rank c o r r e l a t i o n o f 0.86 e x i s t s between MEAN and 
MEDIAN ERROR - a p e r f e c t 1.0 c o r r e l a t i o n e x i s t i n g between ABS 
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MEAN and ABS MEDIAN. Major d i f f e r e n c e s are n a t u r a l l y r e l a t e d 
t o l a r g e SKEWNESS ( e ^ . i n the FORV-SCATTER and LIAN-CONTOUR 
data s e t s ) b u t , s i n c e t h i s i s g e n e r a l l y modest (as dis c u s s e d 
p r e v i o u s l y ) , n e g a t i v e and p o s i t i v e e r r o r s tend t o co r r e s p o n d . 
The p r e c i s i o n s t a t i s t i c s (TRIMMED MIN and MAX and KURTOSIS) 
p r o v i d e a n o t h e r u s e f u l i n s i g h t i n t o the i n t e r p o l a t i o n method. 
KURTOSIS i s rema r k a b l y c o n s i s t e n t t h r o u g h o u t a l l data s e t s , 
b e i n g g e n e r a l l y s l i g h t l y more peaked than normal. This method 
i s t h e r e f o r e a mo d e r a t e l y s a f e i n t e r p o l a t o r , g e n e r a t i n g 
m o d e r a t e l y h i g h p r e c i s i o n r e s u l t s . T his i s su p p o r t e d by the 
TRIMMED MIN and MAX which a re of g e n e r a l l y low magnitude ( f o r 
LIAN and FORV) and w e l l - b a l a n c e d . INCH n o t i c e a b l y produces 
g r e a t e r w i t h i n - m o d e l v a r i a n c e , u n d e r l i n i n g t h e l i n k between 
v a r i e d NNSs occurring w i t h a more v a r i e d r e l i e f . For example, 
the v a r i a t i o n i n r e l a t i v e magnitude f o r INCH-GRID and 
INCH-RIVER i s a p p r o x i m a t e l y 3.5 whereas f o r LIAN i t i s o n l y 
2.5. 
I n summary, t h e r e f o r e , w h i l e examining t h e DEFAULT s e c t i o n s 
o f F i g u r e s 6.1, 6.2 and 6.3, l i t t l e s y s t e m a t i c e r r o r e x i s t s 
a c ross any of t h e models. Areas where r e f e r e n c e i s a r i t h m s are 
o u t s i d e computer i s a r i t h m s are compensated by areas where t he 
r e f e r e n c e i s a r i t h m s are i n s i d e . The s t r o n g c o r r e l a t i o n between 
e r r o r and n e a r e s t neighbour d i s t a n c e (ERROR/NEAR) i s best 
i l l u s t r a t e d i n F i g u r e 6.1a by INCH-BREAKLINE. Where a dense 
p o i n t d i s t r i b u t i o n e x i s t s , t h e f i t i s good, a l t h o u g h i n sparse 
a r e a s , n o t a b l y t o p - l e f t and t o p - r i g h t - o f - c e n t r e , t h e f i t i s 
ve r y much p o o r e r . T h i s i s obvious i n F i g u r e 6.2a where the 
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Figure 6.2 
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t h o s e a r e a s e s p e c i a l l y , a l t h o u g h a s i m i l a r l y r e g u l a r 
d i s t r i b u t i o n i n FORV-GRID ( F i g u r e 6.3a) produces s i g n i f i c a n t l y 
p o o r e r r e s u l t s w h i l e s t i l l p r e s e r v i n g the g e n e r a l shape of t h e 
t e r r a i n * The l a t t e r d i s t o r t i o n i s an i l l u s t r a t i o n of the 
c o r r e l a t i o n s between s u r f a c e a u t o c o r r e l a t i o n and e r r o r -
An a d d i t i o n a l f e a t u r e of u s i n g FORV d a t a w i t h i n SURFACE I I 
GRAPHICS i s i l l u s t r a t e d i n F i g u r e 6.3 and s u b s e q u e n t l y i n 
F i g u r e s 6.5 and 6.6. Because SURFACE I I GRAPHICS adopts v a l u e s 
of d a t a p o i n t s f o r g r i d nodes where the two c o i n c i d e , a r e a s of 
c o n s i s t e n t l y low or h i g h i n t e r p o l a t e d v a l u e s , o f t e n i n a r e a s 
of s p a r s e d a t a , a r e I n t e r s p e r s e d w i t h s m a l l c i r c u l a r i s a r i t h m s 
round adopted p o i n t s o u t s i d e the range of the s u r r o u n d i n g 
i n t e r p o l a t e d e n v i r o n m e n t . There i s a l i b e r a l d i s t r i b u t i o n of 
su c h 'ADOPTED ISARITHMS' i n F i g u r e s 6.3 and 6.5 wh i c h , i f the 
s u r r o u n d i n g i n t e r p o l a t e d and r e f e r e n c e i s a r i t h m s a r e examined, 
w i l l be s e e n to be i n su c h s i t u a t i o n s . 
6.2.1.2 QUADRANT 
The s e a r c h p r o c e s s may be ' d i r e c t i o n a l i s e d ' by u s i n g the 
QUADRANT s e a r c h r o u t i n e . I n o r d e r to a v o i d c o r n e r problems, 
where the s e a r c h a b l e a r e a might be r e s t r i c t e d to the e x t e n t 
t h a t no c o r n e r nodes i n the g r i d would be e v a l u a t e d , t h i s was 
d e f i n e d s u c h t h a t a minimum of one qua d r a n t had to have a 
s u c c e s s f u l s e a r c h f o r the node to be e v a l u a t e d . A maximum of 
f o u r p o i n t s were sought w i t h i n e ach quadrant w i t h i n e ach 
q u a d r a n t , the c l o s e s t p o i n t had to be w i t h i n a f i x e d r a d i u s 
and a l l f o u r p o i n t s w i t h i n a maximum r a d i u s . The f i x e d r a d i i 
were 600m and 1000m (INCH), 375m and 650m (L I A N ) and 180m and 
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500m (FORV). These r a d i i were chosen to r e f l e c t the r e l a t i v e 
s c a l e s and g r i d r e s o l u t i o n s of the t h r e e models. 
The g e n e r a l e f f e c t of u t i l i s i n g the QUADRANT ( s e e T a b l e 
6.4) a s opposed to the NEAR (DEFAULT) s e a r c h , i s to m a i n t a i n 
or s l i g h t l y improve the m a j o r i t y of e r r o r s t a t i s t i c s . However, 
on c l o s e r e x a m i n a t i o n , t h i s i s shown to be r e s t r i c t e d m a i n l y 
to the INCH and LIAN d a t a s e t s , p r o b a b l y due to the low 
a u t o c o r r e l a t i o n w i t h i n FORV. 
The most i m p o r t a n t Improvements a r e i n the c o n s i s t e n c y 
s t a t i s t i c s . V i r t u a l l y a l l of the nodes p o o r l y i n t e r p o l a t e d 
(%BAD) have been removed. Without e x c e p t i o n , a l l u n s u c c e s s f u l 
s e a r c h e s u s i n g QUADRANT a r e a s u b s e t of, and o c c u r a t , the 
u n s u c c e s s f u l nodes i n the DEFAULT s e a r c h e s . There i s s t i l l , 
however, a c l e a r r e l a t i o n s h i p between %BAD and the NNSs s i n c e 
o n l y one d a t a s e t i n each model has a non-zero %BAD v a l u e , and 
t h a t d a t a s e t a l s o has the l o w e s t NNS i n t h a t model. 
An i m p o r t a n t a s p e c t of the ORIGINAL MIN and MAX s t a t i s t i c s 
i s the l a c k of f a i l e d s e a r c h e s ( s i g n i f i e d by b r a c k e t i n g the 
v a l u e s ) , s u g g e s t i n g a more e a s i l y s a t i s f i e d minimum s e a r c h 
r e q u i r e m e n t . I f more s e a r c h e s were m a r g i n a l l y s a t i s f i e d , i t 
would be e x p e c t e d t h a t the subsequent a v e r a g i n g p r o c e s s would 
use more d i s t a n t p o i n t s ; hence the i n t e r p o l a t e d r e s u l t would 
be i n c o n s i d e r a b l e e r r o r , i n c r e a s i n g the ORIGINAL MIN and MAX. 
In g e n e r a l , t h i s has not happened s i n c e the magnitude of the 
MINs and MAXs have d e c l i n e d ( w i t h the e x c e p t i o n of a few 
t r i v i a l c a s e s ) , w h i l e p r e s e r v i n g s i m i l a r r e l a t i o n s h i p s between 
the magnitude of the MIN and MAX v a l u e s - mean v a l u e s f o r the 
NEAR s e a r c h of -18.07 and 16.59 have d e c l i n e d to -16.72 and 
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14.95 f o r the QUADRANT s e a r c h . 
The a c c u r a c y s t a t i s t i c s s i m i l a r l y d i s p l a y modest 
improvements f o r a l l INCH and LIAN d a t a s e t s ( w i t h the 
e x c l u s i o n of L I A N - R I V E R ) . F o r t h e s e n i n e d a t a s e t s , the mean 
STANDARD ERROR has improved from 3.09 to 2.95, the mean 
SURFACE CORRELATION from 0.9945 to 0.9954 and t h e mean ABS 
MEAN from 2.92 to 2.79. T h i s s u g g e s t s t h a t , f o r t h e s e d a t a 
s e t s , a r e a l a u t o c o r r e l a t i o n i s su c h t h a t , even though more 
d i s t a n t p o i n t s a r e perhaps b e i n g s e l e c t e d , t h e y a r e a t l e a s t 
as r e p r e s e n t a t i v e of the l o c a l s u r f a c e as t h o s e found by the 
NEAR s e a r c h . 
As i n o t h e r a n a l y s e s , t h o s e u s i n g the FORV d a t a s e t s 
d i f f e r ; they show a modest d e c r e a s e i n a c c u r a c y w i t h use of 
the OCTANT o p t i o n . The FORV mean STANDARD ERROR has decayed 
from 1.56 to 1.68, the FORV mean SURFACE CORRELATION has 
decayed from 0.966 to 0.959 and the FORV mean ABS MEAN has 
decayed from 1.08 to 1.20. S i n c e a l l the FORV d a t a s e t s have 
moderate to h i g h NNSs, t h i s cannot be d i r e c t l y a s s o c i a t e d w i t h 
d a t a d i s t r i b u t i o n . I t i s most l i k e l y due to the r a p i d decay i n 
the FORV a u t o c o r r e l a t i o n f u n c t i o n s , a s s o c i a t e d w i t h the f a c t 
t h a t the more d i r e c t i o n a l QUADRANT s e a r c h f i n d s more d i s t a n t 
p o i n t s which t h e r e f o r e p r o v i d e a more d i s t o r t e d sample f o r the 
a v e r a g i n g p r o c e s s . 
R e s u l t s based on the LIAN-RIVER d a t a s e t a l s o show a 
c o n s i d e r a b l e diminu t i o n of a c c u r a c y . T h i s i s more a s s o c i a t e d 
i—i 
w i t h i t s low NNS ( 0 . 7 6 8 ) which r e s u l t s i n the d i r e c t i o n a l i s e d 
s e a r c h f i n d i n g e x t r e m e l y d i s t a n t p o i n t s f o r many more nodes. 
T h i s i s b e s t d e m onstrated by the ERROR/NEAR and ERR0R/N0NN 
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c o r r e l a t i o n s which a r e g e n e r a l l y of a lower s t r e n g t h f o r the 
QUADRANT s e a r c h . However, f o r LIAN-RIVER t h e y show a marked 
i n c r e a s e (NEAR - 0 389 t o 0.536, NONN - -0.302 to - 0 . 4 2 2 ) , 
t h u s s t r e s s i n g the i m p o r t a n c e of the p o i n t d i s t r i b u t i o n . 
The a s s o c i a t i o n s between a c c u r a c y and NNS and 
a u t o c o r r e l a t i o n a r e u n d e r l i n e d by c o n s i d e r i n g the r e l e v a n t 
r a nk c o r r e l a t i o n s . SURFACE CORRELATION has a v e r y h i g h l y 
s i g n i f i c a n t ( 0 . 9 3 ) c o r r e l a t i o n , STANDARD ERROR has a h i g h l y 
s i g n i f i c a n t ( 0 . 8 9 ) c o r r e l a t i o n and ABS MEAN has a s i g n i f i c a n t 
c o r r e l a t i o n w i t h NNS. I t i s worth n o t i n g t h a t the ne x t h i g h e s t 
r a n k c o r r e l a t i o n s a r e w i t h the a u t o c o r r e l a t i o n f u n c t i o n s , 
a l t h o u g h t h e s e o n l y a c c o u n t f o r about 50% of the v a r i a n c e . 
The b l a s s l n g , p r e c i s i o n and s y s t e m a t i c e r r o r d e s c r i p t o r s 
behave i n a s i m i l a r f a s h i o n to the DEFAULT s t a t i s t i c s , 
a l t h o u g h w i t h a g e n e r a l l y r e d u c e d magnitude. I n t o t a l , the 
TRIMMED MIN and MAX s t a t i s t i c s produce a 0.98 r a n k c o r r e l a t i o n 
and the MEAN e r r o r has a 0.99 c o r r e l a t i o n between DEFAULT and 
QUADRANT. The a v e r a g e magnitude of the TRIMMED MIN and MAX has 
improved from 8.26 to 7.83 and the a v e r a g e MEAN e r r o r has 
changed from -0.14 to -0.15 by a p p l y i n g the QUADRANT s e a r c h . 
Hidden w i t h i n t h e s e g l o b a l s t a t i s t i c s a r e the l a r g e i n c r e a s e s 
i n the TRIMMED MIN and MAX v a l u e s f o r LIAN-RIVER, and the 
i n c r e a s e d n e g a t i v e s y s t e m a t i c e r r o r f o r the RIVER d a t a -
O v e r a l l , then, QUADRANT s e a r c h e s r e d u c e the range of e r r o r 
w i t h o u t s e r i o u s l y a f f e c t i n g the s y s t e m a t i c error. However, t h i s 
does not r e s u l t i n a p e a k i n g of the e r r o r d i s t r i b u t i o n around 
the mean, as the mean KURTOSIS has dropped from 3.48 to 3.39 
d e s p i t e a l a r g e i n c r e a s e f o r LIAN-RIVER . T a k i n g the reduced 
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e r r o r range i n t o a c c o u n t , t h i s s u g g e s t s t h a t the e r r o r 
d i s t r i b u t i o n has been s p r e a d away from the mean as much as i t 
has been f o c u s s e d onto the mean. T h i s i s u n d e r s t a n d a b l e , s i n c e 
i n s i t u a t i o n s - e s p e c i a l l y w i t h l i n e a t e d d a t a - where perhaps 
e i g h t d a t a p o i n t s l i e v e r y c l o s e to a g r i d node w i t h i n one 
qu a d r a n t , QUADRANT w i l l s e l e c t o n l y f o u r of t h e s e p o i n t s a l o n g 
w i t h o t h e r , more d i s t a n t (and p o s s i b l y more d i f f e r e n t ) p o i n t s 
i n o t h e r q u a d r a n t s . A l t e r n a t i v e l y , where e i g h t c l u s t e r e d , but 
d i s t a n t , u n r e p r e s e n t a t i v e d a t a p o i n t s were s e l e c t e d by the 
NEAR a l g o r i t h m , a more s p a t i a l l y b a l a n c e d s e l e c t i o n of d i s t a n t 
p o i n t s w i l l be found u s i n g the QUADRANT s e a r c h . The f i r s t 
s c e n a r i o I n c r e a s e s the e r r o r i n low e r r o r s i t u a t i o n s ( i n 
g e n e r a l where MEAN NEAR e r r o r s were l e s s than +/-0.5), whereas 
the second s c e n a r i o d e c r e a s e s the e r r o r i n h i g h e r r o r 
s i t u a t i o n s ( i n g e n e r a l where the MEAN NEAR e r r o r s were g r e a t e r 
t h a n +/-0.8). 
I n t e r e s t i n g l y , the magnitudes of the KURTOSIS changes a r e 
i n v e r s e l y r e l a t e d to t e r r a i n v a r i a b i l i t y a s d e f i n e d by v e c t o r 
d i s p e r s i o n ( T a b l e 4 . 8 ) . G e n e r a l l y , QUADRANT s e a r c h i n g has 
I n c r e a s e d t h e d i s t a n c e between the d a t a p o i n t s used to 
i n t e r p o l a t e a g r i d node and the g r i d node. I n t r i n s i c a l l y , t h i s 
f u r t h e r s p a t i a l a v e r a g i n g p r oduces ' s a f e ' but f a r - f r o m - o p t i m a l 
i n t e r p o l a t i o n s . Other a s p e c t s of the e r r o r d i s t r i b u t i o n a r e 
unchanged. While s p e c i f i c v a l u e s f l u c t u a t e , SKEWNESS remains 
b r o a d l y s i m i l a r . A d d i t i o n a l l y , the r e l a t i v e r e l a t i o n s h i p 
between MEAN and MEDIAN e r r o r i s unchanged, as i s the 
r e l a t i o n s h i p between ABS MEAN and MEAN. 
E r r o r - r e l a t e d c o r r e l a t i o n s have undergone changes which 
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r e i n f o r c e Che p r e v i o u s d i s c u s s i o n . Where d a t a s e t s a r e 
s u f f i c i e n t l y a u t o c o r r e l a t e d , the ERROR/NEAR and ERR0R/N0NN 
c o r r e l a t i o n s have m o d e r a t e l y d e c l i n e d . The QUADRANT method i s 
u s i n g more d i s t a n t p o i n t s , a l t h o u g h due to the s u f f i c i e n t l y 
h i g h a u t o c o r r e l a t i o n , t h e s e p o i n t s a r e s i m i l a r enough, and may 
be b a l a n c e d by o t h e r d i s t a n t p o i n t s . However, where the 
a u t o c o r r e l a t i o n decay i s more r a p i d t h e e r r o r can i n c r e a s e 
more r a p i d l y w i t h d i s t a n c e . T h i s has r e s u l t e d i n a moderate 
i n c r e a s e i n the magnitude o f the t o t a l mean ERROR/NEAR (0.300 
to 0.321) and ERR0R/N0NN (-0.159 to - 0 - 1 7 3 ) , a l t h o u g h i t i s 
a d d i t i o n a l l y c a u s e d by the e x t r e m e l y poor NNS of LIAN-RIVER. 
A l t e r n a t i v e l y , the ERROR/GRAD c o r r e l a t i o n s have c o n s i s t e n t l y 
d e c l i n e d . S i n c e more d i s t a n t d a t a p o i n t s a r e found i n the 
QUADRANT s e a r c h than i n t h e DEFAULT s e a r c h , the e f f e c t of the 
immediate l o c a l g r a d i e n t i s not as I m p o r t a n t as t h a t of the 
s u r r o u n d i n g a r e a . 
I n g e n e r a l , w h i l e c o n s i d e r i n g F i g u r e s 6.4a, 6.5a and 6.6b, 
l i t t l e major improvement may be s e e n from the r e s u l t a n t 
i s a r i t h m s , w i t h any changes between the DEFAULT and QUADRANT 
methods b e i n g b a l a n c e d by an e q u a l and o p p o s i t e change 
e l s e w h e r e . Improvements o c c u r i n the f l a t t e r a r e a s , f o r 
example the l e f t b o r d e r of FORV ( F i g u r e 6.5a and 6.6b), w h i l e 
i n c r e a s e s i n e r r o r o c c u r i n the s t e e p e r a r e a s ( r i g h t - o f - c e n t r e 
i n FORV). Because of the h i g h a u t o c o r r e l a t i o n p r e s e n t i n the 
INCH d a t a , few changes and e r r o r s o c c u r w i t h the r e s u l t i n g 
i s a r i t h m s ( F i g u r e 6 . 4 ) , w h i l e use of FORV d a t a , w i t h i t s 
a s s o c i a t e d low a u t o c o r r e l a t i o n , produces l a r g e r changes and 
e r r o r s ( F i g u r e s 6.4 and 6 . 5 ) . 
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F i g u r e 6 . 4 
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F i g u r e 6 . 5 
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6.2.1.3 OCTANT 
The d i r e c t i o n a l QUADRANT s e a r c h may be f u r t h e r r e f i n e d 
u s i n g an OCTANT s e a r c h . T h i s s e a r c h was d e f i n e d s u c h t h a t a 
minimum o f two o c t a n t s had t o have a s u c c e s s f u l s e a r c h f o r t h e 
node t o be e v a l u a t e d . A s u c c e s s f u l s e a r c h was d e f i n e d by a 
maximum o f f o u r p o i n t s p e r o c t a n t a n d , w i t h i n t h i s , t h e 
c l o s e s t and most d i s t a n t p o i n t s had t o be w i t h i n a f i x e d 
r a n g e , 600m and 1000m ( I N C H ) , 375m and 650m ( L I A N ) and 300m 
and 590m (FORV). These r a n g e s must be g r e a t e r t h a n f o r 
QUADRANT as each s e a r c h segment i s h a l v e d and w i l l t h u s 
c o n t a i n h a l f t h e number o f p o i n t s . To f i n d t h e same number o f 
p o i n t s w i t h i n e a c h segment, t h e r a n g e s must be i n c r e a s e d 
a c c o r d i n g l y -
The r e s u l t s o f u t i l i s i n g t h e OCTANT s e a r c h ( s e e T a b l e 6.5) 
g e n e r a l l y l i e b e t w e e n t h e DEFAULT and QUADRANT r e s u l t s b u t a r e 
c l o s e r t o t h e l a t t e r . L i k e QUADRANT, t h e r e i s a d i s t i n c t 
i m p r o v e m e n t i n t h e number o f nodes p o o r l y i n t e r p o l a t e d (%BAD) 
a l t h o u g h , w i t h t h e e x c l u s i o n o f RIVER d a t a , t h e u n d e t e r m i n e d 
nodes a r e n o t r e l a t e d t o t h o s e f o u n d i n t h e QUADRANT o r 
DEFAULT s e a r c h . T h i s i s due t o a c o m b i n a t i o n o f I n c r e a s e d 
s e a r c h r a d i i and s m a l l e r s e a r c h s e g m e n t s . Assume t h a t , a r o u n d 
one g r i d node, t h r e e q u a d r a n t s c o n t a i n no p o i n t s a n d , I n t h e 
o t h e r q u a d r a n t , t h r e e p o i n t s o c c u r i n one o c t a n t and one p o i n t 
o c c u r s i n t h e o t h e r o c t a n t . W h i l e t h e QUADRANT s e a r c h w i l l be 
s u c c e s s f u l , t h e OCTANT s e a r c h a r o u n d t h e g r i d node w i l l f a i l . 
Assume a l s o t h a t a r o u n d a n o t h e r g r i d n o de, f o u r p o i n t s o c c u r 
i n each o f two c o n t i g u o u s o c t a n t s w h i c h a r e i n d i f f e r e n t 
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q u a d r a n t s " I n a d d i t i o n , w i t h i n e a c h o c t a n t , two p o i n t s o c c u r 
w i t h i n the QUADRANT range and two p o i n t s o c c u r w i t h i n the 
OCTANT range but o u t w i t h the QUADRANT range, the o t h e r 
q u a d r a n t s c o n t a i n i n g no p o i n t s . I n t h i s l a t t e r c a s e , the 
OCTANT s e a r c h w i l l be s u c c e s s f u l and t he QUADRANT s e a r c h w i l l 
f a i l . W h ile i t i s not p o s s i b l e to compute an a u t h o r i t a t i v e 
c o r r e l a t i o n due to the preponderance of z e r o v a l u e s i n %BAD, 
n e v e r t h e l e s s a s t r o n g rank c o r r e l a t i o n e x i s t s between the 
non-zero ZBAD v a l u e s and NNS. S i m i l a r l y , a s i g n i f i c a n t rank 
c o r r e l a t i o n e x i s t s between t h e i n d i v i d u a l l y a v e r a g e d ORIGINAL 
MIN and MAX magnitudes and the NNS. These a r e s i m i l a r to the 
DEFAULT and QUADRANT r e s u l t s . More i n t e r e s t i n g l y } the 
I n d i v i d u a l OCTANT ORIGINAL MIN and MAX v a l u e s adhere c l o s e l y 
to the r e l e v a n t QUADRANT v a l u e s . Indeed, the o v e r a l l mean 
magnitude of the ORIGINAL MIN/MAX s t a t i s t i c s d i f f e r s by o n l y 
0.06 (QUADRANT - 15.84 OCTANT - 15 . 7 8 ) , w h i l e d i f f e r i n g 
n o t i c e a b l y from the DEFAULT e q u i v a l e n t ( 1 7 . 3 3 ) . A d d i t i o n a l l y , 
the IN and OUT, QUADRANT and OCTANT s t a t i s t i c s behave more 
s i m i l a r l y - p a r t i c u l a r l y the NEAR-MEAN s t a t i s t i c s . The IN-MEAN 
i s g r e a t e r f o r the OCTANT and QUADRANT v a l u e s , w h i l e OUT-MEAN 
i s s m a l l e r . These f a c t o r s s t r e s s the b e n e f i t s of a p p l y i n g 
e i t h e r form of d i r e c t i o n a l s e a r c h . Nodes based on d i s t a n t 
n e i g h b o u r i n g p o i n t s can have a c c e p t a b l e i n t e r p o l a t e d v a l u e s , 
due to o b t a i n i n g a more r e p r e s e n t a t i v e b a l a n c e d d i s t r i b u t i o n 
f o r the i n t e r p o l a t i o n . 
The a c c u r a c y d e s c r i p t o r s show s i m i l a r e f f e c t s to QUADRANT. 
STANDARD ERROR has a h i g h l y s i g n i f i c a n t ( 0 . 8 9 ) rank 
c o r r e l a t i o n , and ABS MEAN ( 0 . 8 4 ) and SURFACE CORRELATION 
( 0 . 8 2 ) have s i g n i f i c a n t r ank c o r r e l a t i o n s w i t h NNS. A l l have 
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i m p o r t a n t secondary c o r r e l a t i o n s w i t h t w o - d i m e n s i o n a l 
a u t o c o r r e l a t i o n (mean - 0.65). While STANDARD ERROR has a 
s i m i l a r g l o b a l mean (3-05) t o DEFAULT (3.09) and QUADRANT 
( 2 . 9 5 ) , t h e r e a r e d i s t i n c t l y d i f f e r e n t responses f o r the t h r e e 
s u r f a c e s where a u t o c o r r e l a t i o n and NNS are concerned. I n t h e 
case of the smooth LIAN s u r f a c e the accuracy d e s c r i p t o r s have 
g e n e r a l l y improved f o r OCTANT. For th e rougher INCH s u r f a c e , 
accuracy - a l t h o u g h improved over u s i n g the DEFAULT search 
i s lower than f o r QUADRANT. R e s u l t s f o r the FORV data d i s p l a y 
a f u r t h e r decrease i n accuracy over even the QUADRANT 
s e a r c h i n g . M a n i f e s t l y , the OCTANT search i n v o l v e s more 
d i r e c t i o n a l i t y t h a n the QUADRANT search and t h e r e f o r e , i n 
g e n e r a l , even more d i s t a n t p o i n t s w i l l be s e l e c t e d . The 
s i g n i f i c a n c e o f t h i s i n r e l a t i o n t o the r a p i d decay i n 
a u t o c o r r e l a t i o n i n FORV data has a l r e a d y been s t r e s s e d f o r 
QUADRANT s e a r c h i n g and the e f f e c t w i l l be even more acute fo'r 
OCTANT s e a r c h i n g . 
The d i f f e r e n c e between LIAN and INCH i s more d i f f i c u l t t o 
e x p l a i n though the major causes are e a s i l y a s s i g n e d . LIAN i s a 
smooth two-slope l i n e a r s u r f a c e , and t h e r e f o r e so l o n g as a 
good, balanced d i s t r i b u t i o n o f data p o i n t s i s o b t a i n e d i n the 
search ( w h i c h i s the reason f o r u s i n g a d i r e c t i o n a l s e a r c h ) , 
the w e i g h t i n g f u n c t i o n s h o u l d produce good r e s u l t s and as 
g r e a t e r d i r e c t i o n a l i t y i s a p p l i e d (DEFAULT t o QUADRANT t o 
OCTANT s e a r c h i n g ) , accuracy g r a d u a l l y i mproves. The INCH data 
however, d e s c r i b e a much rougher s u r f a c e , w i t h many sharp 
breaks of s l o p e ; t h e r e f o r e a wei g h t e d average between a few 
d i s t a n t p o i n t s cannot p i c k up l o c a l innuendos i n the d a t a . 
C l e a r l y , the OCTANT search has f o r c e d t h e a v e r a g i n g f u n c t i o n 
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t o use t o o - d i s t a n t p o i n t s . I n t h i s s i t u a t i o n , a l i t t l e 
d i r e c t i o n a l i t y I s d e s i r a b l e , but not too much. 
The e r r o r - r e l a t e d c o r r e l a t i o n c o e f f i c i e n t s show a 
c o n t i n u a t i o n o f the QUADRANT t r e n d . Both ERROR/NEAR and 
ERROR/NONN show minor I n c r e a s e s I n t h e i r mean v a l u e , once 
a g a i n s t r e s s i n g the Importance o f ha v i n g near n e i g h b o u r i n g 
d a t a p o i n t s round the g r i d node t o be I n t e r p o l a t e d . Mean 
ERROR/GRAD (0.124) d i s p l a y s a v e r y h i g h l y s i g n i f i c a n t drop I n 
c o r r e l a t i o n a g a i n s t QUADRANT ERROR/GRAD ( 0 . 1 9 3 ) , which 
d i s p l a y e d o n l y a s i g n i f i c a n t drop a g a i n s t DEFAULT ( 0 . 2 3 2 ) . 
T h i s s t r e s s e s the f a c t t h a t the data p o i n t s found are more 
d i s t a n t as the d i r e c t i o n a l i t y o f the search i n c r e a s e s , and 
t h e r e f o r e the l o c a l g r a d i e n t i n the immediate v i c i n i t y o f the 
g r i d node i s o f even l e s s i m p o r t a n c e . Of more importance a re 
v a r i a t i o n s i n the l o c a l g r a d i e n t s i n t h e v i c i n i t y o f the data 
p o i n t s and i n the d i r e c t i o n o f the quadr a n t s and o c t a n t s . 
The o t h e r , p r e c i s i o n and s y s t e m a t i c e r r o r s t a t i s t i c s behave 
s i m i l a r l y . The mean magnitude TRIMMED MIN and MAX v a l u e 
decreases t o 7.89 (DEFAULT i s 8.26, QUADRANT i s 7.83) 
s u g g e s t i n g a minor i n c r e a s e i n p r e c i s i o n . However, on c l o s e r 
e x a m i n a t i o n , t he FORV data s e t s i n c r e a s e and the LIAN data 
s e t s decrease, w h i l e t h e INCH da t a s e t s produce v a r i a b l e 
r e s u l t s . T his i s i n accordance w i t h the mechanisms p o s t u l a t e d 
i n the p r e v i o u s d i s c u s s i o n . A d d i t i o n a l l y , mean RURTOSIS shows 
a c o n t i n u o u s decrease (DEFAULT I s 3,48, QUADRANT i s 3.39 and 
OCTANT i s 3.27). While t h i s g l o b a l mean h i d e s t he i n c r e a s e f o r 
the h i g h NNS GRID d a t a , i n g e n e r a l t he d i s t r i b u t i o n s are 
becoming l e s s peaked, w i t h low e r r o r i n c r e a s i n g and h i g h e r r o r 
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d e c r e a s i n g , as dis c u s s e d f o r QUADRANT. Systematic e r r o r shows 
a minor p o s i t i v e swing f o r both the mean MEAN (DEFAULT -
-0.14, QUADRANT - -0.15 and OCTANT - -0.10) and the mean 
MEDIAN (DEFAULT - -0.14, QUADRANT - -0.12 and OCTANT - -0.07), 
however, t h i s may be s u b d i v i d e d i n t o a minor n e g a t i v e swing f o r 
INCH, and a minor p o s i t i v e swing f o r LIAN and F0RV. 
I n t e r e s t i n g l y , t h i s g e n e r a l mean MEDIAN t r e n d corresponds w i t h 
th e a l t i t u d e skewnesses generated by GE0D i n the s u r f a c e 
c h a r a c t e r i s t i c a n a l y s i s . F i n a l l y , SKEWNESS once a g a i n shows 
l i t t l e change, a l t h o u g h minor f l u c t u a t i o n s o c cur. 
U n f o r t u n a t e l y , p u r e l y s t a t i s t i c a l summaries do not f u l l y 
d e s c r i b e r e l a t i v e performances o f the DEFAULT, QTTADRANT and 
OCTANT searches which are b e t t e r summarised i n F i g u r e s 6.1, 
6.4 and 6.5. While INCH-GRID ( F i g u r e 6.4) shows l i t t l e 
d i f f e r e n c e s between the t h r e e search s t r a t e g i e s as a r e s u l t o f 
h i g h e r a u t o c o r r e l a t i o n , INCH-BREAKLINE and FORV-GRID 
demonstrate t h e smoothing e f f e c t o f the OCTANT s e a r c h . I n 
g e n e r a l , the area enclosed by h i g h v a l u e i s a r i t h m s decreases, 
w h i l e t h a t e n closed by low v a l u e i s a r i t h m s i n c r e a s e s . Because 
a d i r e c t w e i g h t e d average i s used t he range o f the 
i n t e r p o l a t e d g r i d nodes i s l e s s than t he range of the data 
p o i n t s used t o d e r i v e the i n t e r p o l a t e d g r i d . As the w i d t h o f 
the search segment d i m i n i s h e s and c o n s e q u e n t l y , as more 
d i s t a n t (and t h e r e f o r e p r o b a b l y more v a r i a b l e ) d ata p o i n t s are 
used, the e f f e c t o f smoothing on t h e range o f the i n t e r p o l a t e d 
g r i d i n c r e a s e s . This removes some i s a r l t h m l e v e l s c o m p l e t e l y , 
but a l s o i n c r e a s e s the number of s m a l l c i r c u l a r 'adopted 
i s a r i t h m s ' - FORV-GRID DEFAULT (20 o c c u r r e n c e s ) , FORV-GRID 
QUADRANT (30 o c c u r r e n c e s ) and FORV-GRID OCTANT (40 
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o c c u r r e n c e s ) . Since s u r f a c e a u t o c o r r e l a t i o n p r o v i d e s a 
d e s c r i p t o r o f the decay o f data p o i n t s i m i l a r i t y w i t h 
i n c r e a s i n g d i s t a n c e , t he a u t o c o r r e l a t i o n f u n c t i o n s may be 
c o n s i d e r e d a good p o i n t e r t o the expected smoothing^ and thus 
t h e l i k e l y number o f adopted i s a r i t h m s from a p a r t i c u l a r d a ta 
s e t . 
6.2.1.4 VRADIUS 
U n l i k e t he f i x e d number of p o i n t s found by the DEFAULT 
search p r o c e d u r e , the VRADIUS ( V a r i a b l e RADIUS) search 
procedure may f i n d any number w i t h i n a minimum and maximum 
s p e c i f i e d (8 and 12 f o r a l l data s e t s ) . These may be found 
w i t h i n a minimum r a d i u s from the g r i d node, or a l t e r n a t i v e l y 
the r a d i u s i s i t e r a t i v e l y expanded over a s p e c i f i e d number of 
equal steps t o the maximum r a d i u s . For a l l data s e t s , 6 
i t e r a t i o n s c o u l d be used, w i t h minimum and maximum r a d i i 
d e f i n e d as 120m and 1000m (INCH), 60m and 400m (LIAN) and 50m 
and 500m (F0RV). These parameters were chosen by c o n s i d e r i n g 
the parameters o f p r e v i o u s searches i n c o n j u n c t i o n w i t h the 
manual (Sampson, 1978). 
VRADIUS i s e s s e n t i a l l y an improved, more f l e x i b l e form o f 
the DEFAULT search which i s guaranteed t o produce a more 
s u c c e s s f u l search o f the n e a r e s t (and t h e r e f o r e more l i k e l y 
s i m i l a r ) p o i n t s . T h i s has two e f f e c t s . The p o i n t s found s h o u l d 
be c l o s e r t o the g r i d node but w i t h o u t the use of the 
d i r e c t i o n a l i t y c o n s t r a i n t o f QUADRANT or OCTANT. Thus, where 
data s e t s have a h i g h NNS, the f i n a l accuracy may be improved 
on DEFAULT s e a r c h i n g but may p o s s i b l y be poorer i n r e l a t i o n t o 
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those from QUADRANT or OCTANT s e a r c h i n g . Where h i g h t e r r a i n 
v a r i a b i l i t y e x i s t s ( e g . i n the FORV d a t a ) , t he accuracy s h o u l d 
be b e t t e r than w i t h QUADRANT - which i n c l u d e s more d i s t a n t 
p o i n t s . W i t h the parameters used } t h e o n l y d i f f e r e n c e between 
DEFAULT and VRADIUS i s t h a t the l a t t e r may i n c l u d e an 
a d d i t i o n a l one, two, or t h r e e p o i n t s ( w h i c h w i l l be the most 
d i s t a n t p o i n t s ) ; t h e o t h e r p o i n t s used i n the e s t i m a t i o n 
process w i l l be i d e n t i c a l . Thus r e s u l t s s h o u l d thus be 
v i r t u a l l y i d e n t i c a l w i t h DEFAULT, perhaps p r o d u c i n g s l i g h t l y 
i n f e r i o r r e s u l t s i n areas of h i g h t e r r a i n v a r i a b i l i t y and low 
a r e a l c o r r e l a t i o n . 
I t i s apparent from c o n s i d e r i n g t he VRADIUS i n t e r p o l a t i o n 
s t a t i s t i c s (see Table 6.6) t h a t l i t t l e d i f f e r e n c e e x i s t s 
between u s i n g VRADIUS and DEFAULT. The major d i f f e r e n c e i s i n 
the c o n s i s t e n c y as expressed by %BAD and the ORIGINAL MIN/MAX. 
Again t he i n d i v i d u a l mean ORIGINAL MIN/MAX v a l u e s are 
s i g n i f i c a n t l y r a n k - c o r r e l a t e d w i t h NNS. The i n c r e a s e i n the 
maximum search r a d i u s has r e s u l t e d i n v e r y few f a i l e d 
searches, r e s t r i c t e d t o INCH-BREAKLINE and -RIVER - i . e . the 
data s e t s w i t h the lo w e s t NNSs i n INCH. U n f o r t u n a t e l y , the 
mean ORIGINAL MIN/MAX magnitude (17.40 a g a i n s t DEFAULT 
17.33) does n o t r e f l e c t t h i s Improvement. T h i s i l l u s t r a t e s the 
danger o f r e l y i n g t oo h e a v i l y on means s i n c e , on c l o s e r 
e x a m i n a t i o n , the g e n e r a l t r e n d i s f o r decreased MIN/MAX 
magnitude which has been swamped by a d r a m a t i c i n c r e a s e i n t h e 
magnitude o f the LIAN-RIVER ORIGINAL MIN and MAX v a l u e s . 
These extreme e r r o r s are a d i r e c t r e s u l t of r e l y i n g on a 
n e a r e s t neighbour type search which may go u n i - d i r e c t i o n a l i n 
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a low NNS data s e t . The 'UNI-DIRECTIONAL EFFECT' I s d e s c r i b e d 
I n one dimension i n F i g u r e 6.7. Where a l i n e a r s l o p e e x i s t s 
such as i n LIAN, and the g r i d i s being i n t e r p o l a t e d by a 
w e i g h t e d average i n t e r p o l a t i o n method from a low NNS data s e t , 
the search w i l l f a i l ( i n t h e example) i f a DEFAULT search i s 
used w i t h a 100m maximum search r a d i u s . I f a d i r e c t i o n a l 
s earch (QUADRANT or OCTANT) i s used w i t h an I n c r e a s e d r a d i u s 
(150m), then a more balanced d i s t r i b u t i o n i n t h e plane^ and i n 
h e i g h t , w i l l be o b t a i n e d (perhaps the n e a r e s t f o u r p o i n t s on 
e i t h e r s i d e ) , p r o d u c i n g a reasonable average ( c ) . However, i f 
a n o n - d i r e c t i o n a l I n c r e a s e d r a d i u s (150m) search (VRADIUS) i s 
used then t h e r e i s a danger t h a t o n l y the e i g h t r i g h t - m o s t 
p o i n t s w i l l be used, p r o d u c i n g a s u r f a c e - u n r e p r e s e n t a t i v e 
average ( d ) , w i t h h i g h p o s i t i v e e r r o r . I f t h e s l o p e c o n t i n u e s 
past b. and the same s i t u a t i o n o c c u r s , t h e n a h i g h n e g a t i v e 
e r r o r w i l l r e s u l t a t p o i n t b. 
T h i s c o n t e n t i o n i s s u p p o r t e d by comparing the IN and OUT, 
NEAR and NONN v a l u e s f o r the DEFAULT and VRADIUS searches. I n 
g e n e r a l , nodes w i t h more d i s t a n t n e a r e s t neighbours (IN-NEAR 
MAX i n c r e a s e d from 103.08 t o 226.99) and l e s s c l o s e n e i g h b o u r s 
(IN-NONN MEAN decreased from 4.44 t o 3.42) are s u c c e s s f u l l y 
i n t e r p o l a t e d by VRADIUS. 
A s i m i l a r p a t t e r n emerges when the p r e c i s i o n s t a t i s t i c s are 
c o n s i d e r e d . G e n e r a l l y , TRIMMED MINs and MAXs are s m a l l e r , 
a l t h o u g h LIAN-RIVER i s d i s t i n c t l y l a r g e r . T h i s i s not j u s t a 
problem o f extreme e r r o r s w i t h i n LIAN-RIVER, but i s i n h e r e n t 
t h r o u g h o u t the e r r o r d i s t r i b u t i o n as a r e s u l t of the change i n 
g r a d i e n t across the model. I n the UNI-DIRECTIONAL EFFECT, a 
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f l a t area w i l l have l e s s e r r o r than a steep a r e a , and a wide 
v a r i e t y of s i t u a t i o n s must e x i s t i n the LIAN-RIVER d a t a , s i n c e 
t h e 26.96 %BAD v a l u e f o r DEFAULT s e a r c h i n g has been c o m p l e t e l y 
removed f o r VRADIUS. 
Mean KURTOSIS s i m i l a r l y i s s t a b l e (3.48 f o r DEFAULT and 
VRADIUS), a l t h o u g h t h e g e n e r a l t r e n d i s f o r d e c r e a s i n g 
KURTOSIS (as f o r QUADRANT and OCTANT). The KURTOSIS v a l u e s 
from LIAN-RIVER data have i n c r e a s e d d r a m a t i c a l l y , a l t h o u g h 
t h i s may be a d i r e c t r e s u l t of the h i g h i n c r e a s e i n SKEUNESS 
i n c o m b i n a t i o n w i t h t he i n c r e a s e d TRIMMED range. 
The accuracy and s y s t e m a t i c e r r o r s t a t i s t i c s show a marked 
s i m i l a r i t y w i t h NEAR - mean STANDARD ERROR (VRADIUS - 3.08 and 
DEFAULT - 3.09) and mean MEAN (VRADIUS - -0.13 and DEFAULT -
-0.14). STANDARD ERROR (0.91) and SURFACE CORRELATION (0.91) 
have v e r y h i g h l y s i g n i f i c a n t , and ABS MEAN has a h i g h l y 
s i g n i f i c a n t rank c o r r e l a t i o n w i t h NNS. I m p o r t a n t l y , h i g h e r 
secondary c o r r e l a t i o n s e x i s t w i t h a r e a l a u t o c o r r e l a t i o n - ABS 
MEAN ( 0 . 8 2 ) , and STANDARD ERROR and SURFACE CORRELATION 
( 0 . 7 1 ) . These s t r e s s the importance o f the w i d e r environment 
i n t h i s s e arch method. However, the MEANs are v e r y s i m i l a r , 
s u p p o r t i n g the concept t h a t , by not a p p l y i n g any 
d i r e c t i o n a l i t y , the NEAR and VRADIUS are i n h e r e n t l y s i m i l a r 
and areas of p o s i t i v e and n e g a t i v e e r r o r w i l l s i m i l a r l y 
balance each o t h e r . 
The e r r o r - r e l a t e d c o r r e l a t i o n s s u p p o r t the p r e v i o u s 
c o n c l u s i o n s . While the c o r r e l a t i o n s o f the low NNS data s e t s 
have i n c r e a s e d more than the average, the g e n e r a l t r e n d i s f o r 
i n c r e a s e d s t r e n g t h of the ERROR/NEAR and ERR0R/N0NN 
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c o r r e l a t i o n s , w h i l e d e c r e a s i n g t he s t r e n g t h o f the ERROR/GRAD 
c o r r e l a t i o n s . The c o n t r i b u t i n g data p o i n t s t o the 
i n t e r p o l a t i o n a re g e n e r a l l y more d i s t a n t f o r t h i s method, and 
t h e r e f o r e l o c a l g r i d node g r a d i e n t s are not n e a r l y as 
i m p o r t a n t as i s the data d i s t r i b u t i o n around the g r i d node, 
e s p e c i a l l y as a r e s u l t o f i n c r e a s e d number o f nodes 
s u c c e s s f u l l y I n t e r p o l a t e d . I t i s n o t e w o r t h y t h a t t h e VRADIUS 
c o r r e l a t i o n s are s i m i l a r t o the QUADRANT and, t o a l e s s e r 
e x t e n t ^ t h e OCTANT c o r r e l a t i o n s . These o t h e r methods s i m i l a r l y 
i n v o l v e u s i n g more d i s t a n t p o i n t s and t h e r e f o r e would be 
expected t o be the same. 
The s i m i l a r i t y between DEFAULT and VRADIUS i s emphasised i n 
Fi g u r e s 6.2 and 6.3. Use of INCH-GRID data produces i d e n t i c a l 
r e s u l t s t o the DEFAULT search w h i l e , w i t h i n FORV-GRID d a t a , 
VRADIUS produces m a r g i n a l l y s u p e r i o r r e s u l t s i n the mid d l e 
range o f i s a r i t h m s and m a r g i n a l l y poorer r e s u l t s a t the 
extremes. I f adopted i s a r i t h m s are a measure o f accuracy, then 
VRADIUS has a lower accuracy (27 occu r r e n c e s compared w i t h 20 
f o r DEFAULT). The improved performances o f VRADIUS over 
QUADRANT are emphasised i n the r e s u l t s from t he FORV-BREAKLINE 
data ( F i g u r e 6.6). While c o n s i d e r a b l e e r r o r s t i l l e x i s t s 
( t o p - r i g h t - o f - c e n t r e ) , VRADIUS m a i n t a i n s a b e t t e r g e n e r a l f i t 
e s p e c i a l l y a t the h i g h e r and lower i s a r i t h m l e v e l s . 
6.2.1.5 W e i g h t i n g 
The e f f e c t o f u t i l i s i n g d i f f e r e n t w e i g h t i n g f u n c t i o n s 
w i t h i n p o i n t w i s e i n t e r p o l a t i o n was e v a l u a t e d u s i n g the SCATTER 
data s e t s f o r each model w i t h i n t h e v a r i o u s w e i g h t i n g o p t i o n s 
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i n SURFACE I I GRAPHICS (as o u t l i n e d i n 2.5.3 and i l l u s t r a t e d 
i n F i g u r e 6.8). Thi s r e p l i c a t e d work performed e a r l i e r by 
Davis, who came t o the c o n c l u s i o n t h a t 
" w e i g h t i n g f u n c t i o n s which drop o f f s l o w l y have the 
lo w e s t b i a s but the h i g h e s t RMS e r r o r " ( D a v i s , 1975, 
357). 
That t h i s i s perhaps an o v e r - g e n e r a l i s a t i o n may be seen 
from Table 6.7. The w e i g h t i n g f u n c t i o n w i t h the lo w e s t b i a s 
(MEAN) and h i g h e s t RMS e r r o r (STANDARD ERROR) I s u s u a l l y , but 
not always, Wl ( 1 / d ) . I n the LIAN-SCATTER s t a t i s t i c s , W3 has 
the l o w e s t magnitude b i a s , but WO has the h i g h e s t STANDARD 
ERROR - bo t h are based on f u n c t i o n s w i t h a much f a s t e r decay 
tha n Wl. S i m i l a r l y , the FORV-SCATTER data s e t has the low e s t 
STANDARD ERROR f o r Wl. The Davis t h e o r y may be c o m p l e t e l y 
r e j e c t e d when the o t h e r f u n c t i o n s are c o n s i d e r e d i n o r d e r o f 
steepness o f decay. MEAN e r r o r has a mean rank c o r r e l a t i o n o f 
0.23 (INCH - 1.0, LIAN - -0.7 and FORV - 0.4), and STANDARD 
ERROR has a mean rank c o r r e l a t i o n o f 0.03 (INCH - 0.1, LIAN -
0.3 and FORV - -0.3) a g a i n s t f u n c t i o n s t e e p n e s s . 
A r e l a t i o n s h i p may, however, be seen t o e x i s t between 
d a t a / s u r f a c e c h a r a c t e r i s t i c s and optimum w e i g h t i n g f u n c t i o n . 
The FORV data produces t h e h i g h e s t NNS, s u g g e s t i n g a more 
r e g u l a r d i s t r i b u t i o n o f p o i n t s round each node and a g r e a t e r 
c o n s i s t e n c y i n maximum search r a d i u s . INCH and, t o a g r e a t e r 
e x t e n t ? LIAN data produce lower NNSs and w i l l t h e r e f o r e have 
lower c o n s i s t e n c y of p o i n t d i s t r i b u t i o n and thus r e q u i r e 
g r e a t e r search r a d i i around each node, w i t h g r e a t e r v a r i a n c e 
w i t h i n each sought a r e a . Thus FORV sh o u l d u t i l i s e a slower 
decay f u n c t i o n and LIAN a s t e e p e r one, w i t h INCH u s i n g an 
i n t e r m e d i a t e v a l u e . Vector d i s p e r s i o n s t a t i s t i c s c o n f i r m t h i s 
RANDOM-TO-GRID INTERPOLATION 
327 
F i g u r e 6.8 
>V ( (I I-lxd -Ixd max. max. 
l / d 
1 / d 
l / d 
1 / d 
Generalised plot of weighting functions available 
in SURFACE II GRAPHICS. 
(After Sampson, 1978, 95.) 
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t h e o r y s i n c e FORV i s c o n s i d e r e d smoother than LIAN and INCH. 
On the o t h e r hand, a u t o c o r r e l a t i o n c o e f f i c i e n t s suggest 
t h a t LIAN should employ t he slower decay, and FORV employ a 
more r a p i d l y decaying f u n c t i o n . LIAN data produces a slo w e r 
a u t o c o r r e l a t i o n decay, s u g g e s t i n g a more h i g h l y a u t o c o r r e l a t e d 
s u r f a c e . However, I f t h e d i s t r i b u t i o n i s i n i t i a l l y even, t he 
search should not i n c l u d e more d i s t a n t p o i n t s and thus the 
a u t o c o r r e l a t i o n f u n c t i o n s h o u l d n o t be c o n s i d e r e d as i m p o r t a n t 
i n t h i s case. 
The e r r o r - r e l a t e d c o r r e l a t i o n s a re o f more h e l p . Mean 
ERROR/GRAD c o r r e l a t i o n s o f 0.135 (FORV) and 0/287 (LIAN and 
INCH) and mean ERROR/NEAR c o r r e l a t i o n s o f 0.293 (FORV), 0.184 
(INCH) and 0.052 (LIAN) are r e c o r d e d . T h i s suggests t h a t , f o r 
INCH and LIAN d a t a , the l o c a l g r a d i e n t around the i n t e r p o l a t e d 
node i s c r u c i a l . Since 'near p o i n t s a re s i m i l a r and d i s t a n t 
p o i n t s d i f f e r ' , t h i s suggests t h a t a s l i g h t l y f a s t e r decay 
f u n c t i o n s h o u l d be g e n e r a l l y used, s i n c e where steep g r a d i e n t s 
o c c u r , d i s t a n t p o i n t s w i l l d i f f e r more g r e a t l y . I n c o n t r a s t , 
the l e s s e r importance o f nearness o f da t a p o i n t s f o r 
FORV-SCATTER s u p p o r t s t h e use o f a slower decay f u n c t i o n 
where t he c l o s e s t p o i n t i s r e l a t i v e l y d i s t a n t , i t s h o u l d have 
a s i m i l a r w e i g h t i n g t o the o t h e r p o i n t s s e l e c t e d . 
Thus, i n c o n c l u s i o n , where NNSs are s i m i l a r , 
a u t o c o r r e l a t i o n c o e f f i c i e n t s are u s e f u l i n d i c a t o r s o f the best 
w e i g h t i n g f u n c t i o n s ; i n g e n e r a l , h i g h e r NNSs or lower v e c t o r 
d i s p e r s i o n s t a t i s t i c s suggest t he r e q u i r e m e n t f o r s l o w e r decay 
w e i g h t i n g f u n c t i o n s . An i n t e r e s t i n g f e a t u r e o f t h i s s et of 
s t a t i s t i c s i s the l a c k of v a r i a n c e among the same s t a t i s t i c s 
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w i t h i n each data s e t - While t h i s i s l e s s than t h a t found as a 
r e s u l t of v a r y i n g t h e data s e t w i t h i n a s p e c i f i c method, or 
v a r y i n g the package w i t h the same data s e t , i t i s g r e a t e r than 
t h a t found by v a r y i n g t he search method f o r any p a r t i c u l a r 
d a t a s e t • 
6.2.2 GPCP 
G r i d e s t i m a t i o n may be performed by GPCP by u t i l i s i n g two 
types o f f u n c t i o n . The 'TREND' r o u t i n e i n v o l v e s g l o b a l 
i n t e r p o l a t i o n and w i l l be examined l a t e r . The d e f a u l t method 
i n v o l v e s a two-stage, p o i n t w i s e w e i g h t e d average, as d e s c r i b e d 
i n 2.5-1. T h i s was accessed i n i t s most b a s i c d e f a u l t form 
w i t h the w e i g h t i n g f a c t o r w = l / ( l - r ) , the two-stage, 
i n t e r p o l a t i o n process i n v o l v i n g t h e a v e r a g i n g o f l o c a l l i n e a r 
s u r f a c e s c o n s t r a i n e d t o pass t h r o u g h t h e data p o i n t s and 
search r o u t i n e s s e t t o f i n d t h e e i g h t n e a r e s t neighbours (see 
Table 6.8). E x c l u d i n g the minor e f f e c t s o f a d i f f e r e n t 
w e i g h t i n g f u n c t i o n , t h i s may thus be used t o compare the 
d i r e c t data p o i n t a v e r a g i n g t e c h n i q u e o f SURFACE I I GRAPHICS -
DEFAULT w i t h t h e two-stage s u r f a c e a v e r a g i n g t e c h n i q u e o f 
GPCP. U n l i k e SURFACE I I GRAPHICS, GPCP e v a l u a t e d every g r i d 
node and t h e r e f o r e t h e %BAD p o i n t s r e f e r o n l y t o those found 
o u t s i d e t h e r e s p e c t i v e t o l e r a n c e s by the 'MATANN' program. 
These extreme v a l u e s were a l l l o c a t e d a t i n t e r n a l nodes and 
t h e r e f o r e they cannot be r e l a t e d t o 'EDGE-EFFECT' ( d i s t o r t i o n 
a t the edges of the data a r e a s ) . 
The e f f e c t s o f the s u p e r i o r search method w i t h i n GPCP are 
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are g r e a t l y reduced t h r o u g h o u t , a l t h o u g h the o n l y non-zero 
v a l u e s are s t r o n g l y c o r r e l a t e d w i t h the NNSs. Th i s I s 
r e f l e c t e d I n the ORIGINAL MIN and MAX v a l u e s which have 
g e n e r a l l y i n c r e a s e d ( t h e mean magnitude has r i s e n from DEFAULT 
17.33 t o GPCP - 23.78). T h i s might be expected s i n c e more 
nodes are i n t e r p o l a t e d where the neighbours are e x t r e m e l y 
d i s t a n t , however i t i s not n e c e s s a r i l y a u t o m a t i c . Very few 
nodes were u n s u c c e s s f u l l y searched i n OCTANT and QUADRANT and 
ye t the mean magnitude ORIGINAL MIN/MAX decreased t o 15.78 and 
15.84. Indeed, i n s p e c i f i c s i t u a t i o n s where OCTANT and GPCP 
were f u l l y s u c c e s s f u l , t he magnitudes of the MIN and MAX v a l u e s 
have I n c r e a s e d d r a m a t i c a l l y ( e g . f o r INCH-RIVER d a t a , OCTANT -
-6.71 and 19.37, GPCP - -97.75 and 78.00). There a r e , however, 
a few s i t u a t i o n s where the magnitudes of the MIN and MAX e r r o r s 
have decreased, a l t h o u g h t h i s appears random and not 
n e c e s s a r i l y a t t r i b u t e d t o any c h a r a c t e r i s t i c o f the data (e.g. 
w i t h INCH-GRID and LIAN-SCATTER d a t a ) . 
A more i n t e r e s t i n g f e a t u r e o f the c o n s i s t e n c y d e s c r i p t o r s 
i s t h e decrease i n balance between the magnitude of the 
ORIGINAL MIN and MAX e r r o r s . I n g e n e r a l , t h e r e i s a s t r o n g e r 
n e g a t i v e b i a s t o the e r r o r , a l t h o u g h I n d i v i d u a l cases have 
r e c e i v e d d r a m a t i c changes (e.g. r e s u l t s from INCH-BREAKLINE and 
INCH-SCATTER data show i n c r e a s i n g n e g a t i v e b i a s , whereas those 
from LIAN-SCATTER and F0RV-C0NT0UR data show i n c r e a s i n g 
p o s i t i v e bias). T his suggests t h a t a s t a b l e process has been 
r e p l a c e d w i t h a l e s s s t a b l e p r o c e s s , a l t h o u g h i t sh o u l d be 
remembered t h a t t h e r e are many nodes which have not been 
i n t e r p o l a t e d by DEFAULT. 
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From a p r e l i m i n a r y , g l o b a l e x a m i n a t i o n o f the TRIMMED MIN 
and MAX v a l u e s , i t appears t h a t GPCP has an i n f e r i o r p r e c i s i o n 
w i t h r e s p e c t t o DEFAULT (mean magnitudes o f 9.73 a g a i n s t 
8.26). On c l o s e r e x a m i n a t i o n , t h i s may be broken down i n t o a 
two-way e f f e c t d i r e c t l y r e l a t e d t o NNS. I n a l l models, t h e 
h i g h e s t NNS data s e t s have i n c r e a s e d t h e i r p r e c i s i o n , w h i l e 
t h e low NNS data s e t s (INCH-RIVER, LIAN-RIVER, LIAN-BREAKLINE, 
FORV-BREAKLINE and FORV-SCATTER) have decreased t h e i r 
p r e c i s i o n . I n d e e d , i f INCH-RIVER were removed, the mean 
magnitude f o r GPCP would o n l y be 8.29. 
The o t h e r p r e c i s i o n d e s c r i p t o r , KURTOSIS, c o n t r a d i c t s t h i s 
s i m i l a r i t y and i m p o r t a n t l y suggests t h a t GPCP has a much 
h i g h e r p r e c i s i o n . Only r e s u l t s from INCH-SCATTER, LIAN-RIVER, 
LIAN-SCATTER and FORV-CONTOUR data show minor decreases i n 
KURTOSIS wh i c h , i n g e n e r a l , r i s e s from a mean o f 3.22 t o 3.89. 
This suggests t h a t , w i t h i n GPCP, l a r g e e r r o r s become g r e a t e r , 
w h i l e low e r r o r s become c l o s e r t o the mean e r r o r . That i s , 
where good c o n t r o l e x i s t s and low e r r o r i s found^ e r r o r s h o u l d 
become c l o s e r t o the s y s t e m a t i c e r r o r o f the method, whereas 
c o n d i t i o n s which c r e a t e l a r g e e r r o r s w i t h i n w e i g h t e d average 
methods w i l l be m a g n i f i e d by GPCP. 
A s s o c i a t e d w i t h the i n c r e a s e i n p r e c i s i o n i s the i n c r e a s e d 
n e g a t i v e s y s t e m a t i c e r r o r of GPCP. The DEFAULT mean MEAN v a l u e 
(-0.15) has i n c r e a s e d t o -0.63 f o r GPCP. With the e x c l u s i o n o f 
INCH-SCATTER d a t a , a l l MEANs show an i n c r e a s e i n n e g a t i v e 
b i a s . However, as w i t h DEFAULT, use of RIVER and CONTOUR data 
s e t s produce d i s t i n c t n e g a t i v e b i a s , GRID da t a produces low 
b i a s and SCATTER and BREAKLINE data s e t s produce more v a r i a b l e 
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r e s u l t s . The g e n e r a l c h a r a c t e r i s t i c s o f the data s e t s have 
s t i l l been p r e s e r v e d . 
A v e r y h i g h l y s i g n i f i c a n t aspect o f GPCP i n t e r p o l a t i o n i s 
the v e r y s t r o n g 0.96 ra n k c o r r e l a t i o n between a l l t h e accuracy 
d e s c r i p t o r s and NNS. There i s a l s o no s i g n i f i c a n t secondary 
c o r r e l a t i o n w i t h any o t h e r d a t a / s u r f a c e c h a r a c t e r i s t i c . 
Moderate i n c r e a s e s i n accuracy occur w i t h the use of data s e t s 
w i t h b o t h a h i g h accuracy u s i n g w e i g h t e d average i n t e r p o l a t i o n 
and a h i g h NNS v a l u e - n o t a b l y a l l GRID and CONTOUR and 
SCATTER data s e t s . Those data s e t s w i t h a lower w e i g h t e d 
average accuracy and po o r e r NNS p e r f o r m l e s s w e l l , s e v e r a l 
d i s p l a y i n g a marked decrease i n accuracy (such as the 
INCH-RIVER, LIAN-RIVER, LIAN-BREAKLINE and FORV-BREAKLINE data 
s e t s ) . 
The importance o f near neighbours t o h i g h p r e c i s i o n , 
accuracy and c o n s i s t e n c y i s s t r e s s e d by the e r r o r - r e l a t e d 
c o r r e l a t i o n s . I n g e n e r a l , t h e mean ERROR/NEAR (0.338) and 
ERROR/NONN (-0.187) are s i g n i f i c a n t l y s t r o n g e r , and the 
ERROR/GRAD (0.114) i s s i g n i f i c a n t l y weaker than are the 
r e s p e c t i v e e r r o r - r e l a t e d c o r r e l a t i o n s f o r the DEFAULT (NEAR) 
SURFACE I I GRAPHICS o p t i o n - S i m i l a r l y , the GPCP IN-GRAD MEANs 
and OUT-GRAD means are much more s i m i l a r and c o n s i s t e n t than 
f o r DEFAULT, u n d e r l i n i n g the l a c k o f importance o f l o c a l 
g r a d i e n t i n t h i s method. These changes are a d i r e c t response 
t o the f a c t t h a t i n t e r p o l a t e d v a l u e s from l o c a l s u r f a c e s , and 
not a c t u a l d ata v a l u e s , are averaged. I n the l o c a l s u r f a c e 
e v a l u a t i o n , g r a d i e n t a t the data p o i n t w i l l no doubt be of 
c o n s i d e r a b l e i m p o r t a n c e . However, when i n t e r p o l a t e d v a l u e s 
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from these s u r f a c e s are a v e r a g e d , i t i s o n l y i m p o r t a n t t h a t t h e 
node/data p o i n t d i s t a n c e be m i n i m i s e d , s i n c e the s m a l l e r t h e 
d i s t a n c e , the more reasonable i t i s t o assume t h a t the l o c a l 
t r e n d a t the da t a p o i n t s i s a l s o t h a t a t the g r i d node. 
The s u p e r i o r performance o f t h i s i n t e r p o l a t o r i s 
demonstrated by c o n s i d e r i n g t he changing v a l u e s o f t h e IN-NEAR 
and OUT-NEAR s t a t i s t i c s between DEFAULT and GPCP. While most 
IN-NEAR MAX v a l u e s and OUT-NEAR MIN v a l u e s have i n c r e a s e d f o r 
GPCP, almost w i t h o u t e x c e p t i o n , a l l t he IN-NEAR and OUT-NEAR 
MEAN v a l u e s have I n c r e a s e d . T h i s suggests t h a t , w i t h more 
d i s t a n t data v a l u e s t h a n f o r the DEFAULT o p t i o n of SURFACE I I 
GRAPHICS, GPCP can produce a c c e p t a b l e r e s u l t s , w h i l e t h e data 
p o i n t s must be v e r y d i s t a n t t o cause severe problems. 
An i n t e r e s t i n g 'LINEAR BLOCK ISARITHM EFFECT' o f GPCP, 
c r e a t e d by a c o m b i n a t i o n o f the search method and the s u r f a c e 
a v e r a g i n g t e c h n i q u e , i s i l l u s t r a t e d i n F i g u r e 6.9. Where 
p o o r l y d i s t r i b u t e d d ata o c c u r s , p a r t i c u l a r l y o f a l i n e a r 
n a t u r e (e^g. RIVER d a t a ) , compressed l i n e a r i s a r i t h m b l o c k s may 
occur (see b o t t o m - r i g h t of c e n t r e i n INCH-BREAKLINE) and may 
be aggravated even f u r t h e r by a 'LINEAR EFFECT' (see 
INCH-RIVER - c e n t r e - t o p and b o t t o m - r i g h t - o f - c e n t r e ) . 
The 'LINEAR BLOCK ISARITHM EFFECT' occurs where a l l 
i n t e r p o l a t e d p o i n t s on one s i d e o f the m i d - p o i n t l i n e (between 
two c l u s t e r s o f p o i n t s - one h i g h and one low) o n l y use h i g h 
p o i n t s f o r t h e i r i n t e r p o l a t i o n , whereas a l l p o i n t s on the 
o t h e r s i d e o f the m i d - p o i n t l i n e o n l y use low p o i n t s ( F i g u r e 
6.10a). T h i s i s a r e s u l t of the search procedure s e l e c t i n g 
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p o i n t s a re i n t i g h t c l u s t e r s , r e s u l t s i n both c l u s t e r s b eing 
m u t u a l l y e x c l u s i v e . This s i t u a t i o n a l s o occurs i n SURFACE I I 
GRAPHICS,but, as the i n t e r p o l a t i o n f u n c t i o n t h e r e i n i n v o l v e s 
o n l y a data a v e r a g i n g p r o c e s s ; the r e s u l t a n t c l i f f i s not so 
marked. GPCP f u r t h e r augments t h i s e f f e c t when s e v e r a l p o i n t s 
a l o n g a l i n e a re used t o generate l o c a l s u r f a c e s a t each o f 
the p o i n t s on t h e l i n e ('LINEAR EFFECT'). Though a good 
s u r f a c e a p p r o x i m a t i o n i s made a l o n g t he l i n e , s e r i o u s problems 
may occur across t h e l i n e , and one rogue p o i n t may cause the 
l o c a l s u r f a c e s t o d i p or r i s e p e r p e n d i c u l a r t o t h e l i n e (see 
F i g u r e 6.10.a.2). T h i s l i n e a r e f f e c t t h e r e f o r e exaggerates the 
number o f r e s u l t a n t i s a r i t h m s (see F i g u r e 6.10.b). Thus 
l i n e a r - t y p e d ata w i t h a low NNS ( i n f a c t l i n e a r data are. 
g e n e r a l l y not w e l l d e s c r i b e d by NNS - a weakness of the 
te c h n i q u e - and comes out c l u s t e r e d ) ^ such as those from 
c o n t o u r s , may be c o n s i d e r e d t o t a l l y u n s u i t a b l e f o r a GPCP-type 
program which I n v o l v e s a ' t w o - s t a g e ' i n t e r p o l a t i o n w i t h a 
'neare s t n'-type s e a r c h . 
6.2.3 SYMAP 
W i t h i n the SYMAP i n t e r p o l a t i o n r o u t i n e (see 2.5.5) t he 
d e f a u l t search employed i s s i m i l a r t o SURFACE I I 
GRAPHICS-VRADIUS - t h e minimum r a d i u s b e i n g i n c r e a s e d u n t i l 
between 4 and 14 p o i n t s are found. T h e r e a f t e r , t h e e s t i m a t i o n 
process i s s i m i l a r t o GPCP; but w i t h the major e x c e p t i o n s t h a t 
t he w e i g h t i n g f u n c t i o n i n c l u d e s a d i r e c t i o n w e i g h t and t h a t 
i n t e r m e d i a t e v a l u e s d e r i v e d i n the two-stage process are 
r e s t r a i n e d (as d i s c u s s e d i n 2.5.5). As regar d s the w e i g h t i n g 
f u n c t i o n , 
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" t h e g r e a t e r a data p o i n t ' s ' d i r e c t i o n a l i s o l a t i o n ' 
and t h e s m a l l e r i t s d i s t a n c e , t he g r e a t e r i t s w e i g h t i n g 
and hence i t s i n f l u e n c e i n d e t e r m i n i n g the i n t e r p o l a t e d 
v a l u e " (Shepard, 1970, 5 ) . 
SYMAP genera t e s an a d d i t i o n a l i n t e r p o l a t i o n n o i s e p e c u l i a r 
t o t h i s t e c h n i q u e o f computer mapping. T h i s a d d i t i o n a l n o i s e 
i s a p r o d u c t o f the d a t a - t o - p i x e l ( c e l l ) t r a n s f o r m a t i o n 
I n h e r e n t i n a l i n e - p r i n t e r p r o d u c t . 
" O r i g i n a l sample p o i n t s a re assigned t o g r i d c e l l s o r 
c h a r a c t e r l o c a t i o n s . I f more tha n one data p o i n t happens 
t o f a l l i n s i d e a s i n g l e g r i d c e l l , t h e v a l u e assigned t o 
t h a t area i s t h e average o f the data p o i n t s " (Shepard, 
1970, 7 ) . 
This averaged v a l u e i s then used i n the r a n d o m - t o - g r i d 
i n t e r p o l a t i o n t o i n t e r p o l a t e g r i d nodes w i t h o u t i n v o l v i n g the 
o r i g i n a l data p o i n t . To overcome t h i s problem, t he o r i g i n a l 
c o - o r d i n a t e s o f the data p o i n t s would have t o be used r a t h e r 
t h a n the c e l l v a l u e , which would i n c r e a s e the accuracy o f the 
f i n a l p r o d u c t . 
As p r e v i o u s l y , the c o n s i s t e n c y d e s c r i p t o r s p r o v i d e good 
i n d i c a t o r s of the success o f t h i s method o f i n t e r p o l a t i o n (see 
Table 6.9). The %BAD s t a t i s t i c s a re v e r y low - comparable w i t h 
those f o r QUADRANT and VRADIUS which i n v o l v e d d i s t a n t 
s e a r c h i n g . T h i s suggests t h a t t h i s might be a r e l a t i v e l y s a f e 
method o f i n t e r p o l a t i o n . However, the ORIGINAL MIN and MAX 
s t a t i s t i c s show t h a t t h i s method c o n s i s t e n t l y produces a wide 
range of e r r o r s (mean magnitude - 22.11), much g r e a t e r than 
even the l a r g e s t e q u i v a l e n t SURFACE I I GRAPHICS v a l u e (VRADIUS 
- 17.40). While t h i s i s m a r g i n a l l y s m a l l e r than the e q u i v a l e n t 
v a l u e f o r GPCP ( 2 3 . 7 8 ) , i t must be c o n s i d e r e d p o o r e r , s i n c e 
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d i s t o r t e d t he mean, whereas a l l the S7MAP MIN/MAX v a l u e s have 
I n c r e a s e d i n magnitude a t a f a i r l y c o n s i s t e n t r a t e . Another 
i m p o r t a n t aspect i s t h a t the MIN and MAX va l u e s are 
w e l l - b a l a n c e d and have a more s i m i l a r magnitude t h a n do any of 
those from the p r e v i o u s methods. T h i s measure o f b i a s w i l l be 
di s c u s s e d s u b s e q u e n t l y . I n summary, a l l these aspects suggest 
t h a t SYMAP i s v e r y much an a v e r a g i n g method o f I n t e r p o l a t i o n , 
which smooths the s u r f a c e and i n s e r t s a l a r g e amount o f random 
n o i s e (perhaps a f e a t u r e o f the d a t a - t o - p i x e l n o i s e d i s c u s s e d 
e a r l i e r ) . 
The w e l l - b a l a n c e d ORIGINAL MIN/MAX s t a t i s t i c s suggest t h a t 
t h e r e i s l i t t l e i n t e r p o l a t i o n b i a s . Yet, on a c l o s e r 
e x a m i n a t i o n o f the o t h e r b i a s d e s c r i p t o r s , t h i s i s n ot seen t o 
be the case. The MEAN and MEDIAN s t a t i s t i c s are the most 
c o n s i s t e n t w i t h i n - m o d e l measures o f b i a s encountered w i t h i n 
th e r e s e a r c h . I n a d d i t i o n , t he MEAN and MEDIAN s t a t i s t i c s f o r 
SYMAP m i r r o r each o t h e r more c l o s e l y than f o r the p r e v i o u s 
i n t e r p o l a t i o n methods. T h i s cannot be c o n s i d e r e d a random 
e f f e c t , as a v e r y h i g h l y s i g n i f i c a n t rank c o r r e l a t i o n e x i s t s 
between these s t a t i s t i c s and mean a l t i t u d e as d e r i v e d w i t h i n 
GEOD (MEAN - 0.95, MEDIAN - 0.96). The i n d i v i d u a l model 
s y s t e m a t i c e r r o r s are more d i f f i c u l t t o e x p l a i n , but must be 
co n s i d e r e d t o be e i t h e r f e a t u r e s o f the data s e t s , o r 
c h a r a c t e r i s t i c s o f the r e l e v a n t s u r f a c e s . I n t e r e s t i n g l y , t h e 
g l o b a l mean MEANs f o r the two we i g h t e d s u r f a c e a v e r a g i n g 
methods are q u i t e s i m i l a r (GPCP - -0.63, SYMAP - -0.79) and 
are d i s t i n c t from the more d i r e c t w e i g h t e d data average 
methods of SURFACE I I GRAPHICS ( a p p r o x i m a t e l y -0.15). 
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Greater c o n s i s t e n c y a l s o occurs w i t h i n t h e p r e c i s i o n 
s t a t i s t i c s . The TRIMMED MIN and MAX v a l u e s show a m a r g i n a l l y 
i n c r e a s e d mean magnitude (GPCP - 9.73, SYMAP - 10.70) a l t h o u g h 
t h e r e i s much l e s s w i t h i n - m o d e l v a r i a n c e o f the i n d i v i d u a l 
v a l u e s , e s p e c i a l l y i f t h e more awkward RIVER d a t a s e t s are 
removed, which s u f f e r from t h e problems o f poor data 
d i s t r i b u t i o n . G r eater c o n s i s t e n c y i s a l s o v e r y e v i d e n t w i t h i n 
t h e KURTOSIS v a l u e s . A mean KURTOSIS o f 3.28 i s low compared 
WitU the p r e v i o u s i n t e r p o l a t i o n methods and has low v a r i a n c e 
across the f u l l range of data s e t s . T h i s i l l u s t r a t e s t h e 
near-normal d i s t r i b u t i o n o f e r r o r generated by SYMAP, 
e s p e c i a l l y i f i t i s remembered t h a t t h e TRIMMED l i m i t s o f the 
e r r o r d i s t r i b u t i o n are f u r t h e r a p a r t , which would tend t o 
m a r g i n a l l y increasKDRTOSIS. T h i s emphasises t h a t the e r r o r 
g e n erated by the SYMAP process must be c o n s i d e r e d more random 
than by any o f the p r e v i o u s methods - p o s s i b l y a d i r e c t r e s u l t 
o f the t r a n s f o r m a t i o n o f the data t o the l i n e p r i n t e r f o r m a t . 
I t i s e v i d e n t from Table 6.9 t h a t t h e more s o p h i s t i c a t e d 
i n t e r p o l a t i o n method o f SYMAP promotes no improvement i n 
r e s u l t a n t a c c u racy. Indeed, w i t h the e x c l u s i o n o f the 
LIAN-BREAKLINE d a t a , a l l STANDARD ERRORS, ABS MEAN e r r o r s and 
SURFACE CORRELATIONS are poor e r t h a n those f o r SURFACE I I 
GRAPHICS and GPCP. The va l u e s f o r ABS MEAN and STANDARD ERROR 
i n d i c a t e much g r e a t e r w i t h i n - m o d e l c o n s i s t e n c y , and t h i s 
r e s u l t s i n g e n e r a l l y poor c o r r e l a t i o n s w i t h NNS (STANDARD 
ERROR - 0.80, ABS MEAN - 0.69 and SURFACE CORRELATION - 0.67). 
I n a d d i t i o n , o n l y weak secondary c o r r e l a t i o n s e x i s t - f o r 
example STANDARD ERROR w i t h GEOD-derived g r a d i e n t ( 0 . 5 5 ) . 
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On examining the e r r o r - r e l a t e d c o r r e l a t i o n s , v e r y weak 
c o r r e l a t i o n s are shown t o e x i s t f o r the NEAR (mean - 0.122) 
and NONN (mean - -0.058) s t a t i s t i c s . W i t h the e x c l u s i o n o f the 
v e r y low NNS data s e t s (INCH-RIVER - 0.804 and LIAN-RIVER -
0.768), SYMAP may be c o n s i d e r e d t o be an unbiassed data 
i n t e r p o l a t o r a l t h o u g h , as demonstrated e a r l i e r , i t i s more 
s u i t e d towards t e r r a i n v a r i a b i l i t y . T h i s i s s u p p o r t e d by the 
ERR0R/GRAD c o r r e l a t i o n c o e f f i c i e n t which has a r e l a t i v e l y h i g h 
mean ( 0 . 2 6 8 ) , w i t h s t r o n g c o n s i s t e n c y . A d d i t i o n a l l y , t h e 
OUT-GRAD and IN-GRAD MEAN v a l u e s show the importance o f l o c a l 
g r a d i e n t . A l l have good w i t h i n - m o d e l c o n s i s t e n c y , and the 
0UT-GRAD MEAN v a l u e s are d i s t i n c t l y g r e a t e r t h a n t h e IN-GRAD 
MEANs. Thus, by t h e removal o f extremes caused by s p e c i f i c 
d a t a p o i n t d i s t r i b u t i o n c h a r a c t e r i s t i c s , gross e r r o r s are 
removed, l e a v i n g o n l y minor random e r r o r s ( h i d d e n by the 
g e n e r a l i n t e r p o l a t i o n n o i s e ) , w h i c h , i n an a v e r a g i n g p r o c e s s , 
w i l l be p r e d o m i n a t e l y based on g r a d i e n t . 
A l t h o u g h the summary s t a t i s t i c s suggest t h a t SYMAP i s an 
i n f e r i o r i n t e r p o l a t o r as compared w i t h SURFACE I I GRAPHICS and 
GPCP, a comparative e x a m i n a t i o n o f F i g u r e s 6.9 and 6.11 
suggests t h a t the m o r p h o l o g i c a l t r u e n e s s i s s u p e r i o r . Where a 
reasonable d i s t r i b u t i o n o c c u r s , a good c o r r e l a t i o n between 
i n t e r p o l a t e d and r e f e r e n c e i s a r i t h m s may be produced 
(LIAN-C0NTOUR). Where a poor data d i s t r i b u t i o n o c c u r s , SYMAP 
has a s u p e r i o r a b i l i t y t o r e p l i c a t e t h e g e n e r a l t r e n d o f t h e 
model (ejg. INCH-RIVER i n F i g u r e s 6.9 and 6.11). The removal o f 
extreme i n t e r m e d i a t e p o i n t s has been s t r e s s e d and thus the 
c l i f f ( t o p - c e n t r e ) , w h i l e s t i l l i n e r r o r , i s n ot so extreme as 
w i t h GPCP. A d d i t i o n a l l y , the edges o f the c l i f f r e t u r n much 
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more r a p i d l y t o reasonable v a l u e s as a r e s u l t o f the 
d i r e c t i o n a l w e i g h t i n g . At the c l i f f edges, perhaps seven h i g h 
p o i n t s and one low p o i n t are fo u n d , but s i n c e t h e seven h i g h 
p o i n t s are c l o s e t o g e t h e r , t h e y are each g i v e n a much s m a l l e r 
w e i g h t , thus i n c r e a s i n g the imp o r t a n c e o f t h e l o n e , low v a l u e 
p o i n t . I n t h i s i n s t a n c e , t h e i n t e r p o l a t e d v a l u e w i l l be lower 
and t h e r e f o r e c l o s e r t o r e a l i t y t h a n , f o r example, w i t h GPCP. 
This g e n e r a l l y s u p e r i o r i n t e r p o l a t i o n t e c h n i q u e does, however, 
s u f f e r from t h e d a t a - t o - p i x e l n o i s e . T h e r e f o r e , over the dense 
da t a a r e a s , i n f e r i o r q u a l i t y i s a r i t h m s may be generated u n l e s s 
a dense g r i d mesh i s g e n e r a t e d . 
6.2.4 GINOSDRF 
The o t h e r common method o f p o i n t w i s e i n t e r p o l a t i o n i n v o l v e s 
f i t t i n g a l o w - o r d e r p o l y n o m i a l (commonly q u a d r a t i c ) a t each 
g r i d node. GINOSURF and GHOT u t i l i s e such methods, u s i n g 
d i s t a n c e - w e i g h t e d l e a s t squares second-order p o l y n o m i a l f i t s . 
A major d i f f e r e n c e between t he methods i s t h a t , whereas GHOT 
uses the f u l l s i x term q u a d r a t i c f u n c t i o n , GINOSURF uses a 
f o u r term p a r a b o l o i d . Both methods use a 'ne a r e s t n' s e a r c h , 
where n i s an average v a l u e f o r the whole i n t e r p o l a t i o n 
p r o c e d u r e . GINOSURF, which searches on average f o r the n e a r e s t 
24 p o i n t s , does not a l l o w the number o f p o i n t s found t o be 
l e s s than 6 (always r e s u l t i n g i n two r e d u n d a n c i e s ) , e x t e n d i n g 
the search r a d i u s i f necessary. GHOT searches on average f o r 
the n e a r e s t 30 p o i n t s and does not extend the r a d i u s i f t oo 
few p o i n t s are found. 
A s t r i k i n g aspect of the c o n s i s t e n c y d e s c r i p t o r s i s the 
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l a r g e and unbalanced n a t u r e o f the ORIGINAL MIN and MAX v a l u e s 
(see Table 6.10). I n the case of LIAN-RIVER d a t a , GINOSURF 
i n t e r p o l a t e s a maximum p o s i t i v e e r r o r o f 99886.0 a g a i n s t a 
maximum n e g a t i v e e r r o r o f -124.03. An i n t e r p o l a t o r which 
computes such a h i g h e r r o r must be t r e a t e d w i t h a h i g h degree 
o f scepticism, and t h i s i s u n d e r l i n e d by c o n s i d e r i n g t h a t t h e r e 
are seven ORIGINAL MIN and MAX v a l u e s whose magnitude i s 
g r e a t e r than 50.0 f o r a l l t h e data s e t s . Indeed, e x c l u d i n g the 
LIAN-RIVER MAX v a l u e , t h e mean magnitude ORIGINAL e r r o r i s 
38.18 - over double t he comparable SURFACE I I GRAPHICS va l u e s 
and j u s t under double t he comparable v a l u e s f o r the methods 
i n v o l v i n g d ata s u r f a c e a v e r a g i n g (GPCP and SYMAP). S i m i l a r l y , 
t h e mean MIN (-49.82) and mean MAX (26.54) v a l u e s are g r o s s l y 
unbalanced, s u g g e s t i n g a h i g h n e g a t i v e b i a s . While t h e r e i s a 
v e r y h i g h l y s i g n i f i c a n t (0.91) c o r r e l a t i o n between the 
i n d i v i d u a l mean magnitude ORIGINAL MIN/MAX v a l u e s and NNS, 
t h i s e r r o r cannot be blamed s o l e l y on NNS. There are s e v e r a l 
data s e t s which have extreme i n t e r p o l a t i o n e r r o r s y e t 
r e s p e c t a b l e NNS v a l u e s (e«. INCH-SCATTER - 33.23, LIAN-C0NT0UR 
-66.23 and FORV-SCATTER - -26.68). N o t a b l y , however, 
i n d i v i d u a l %BAD s t a t i s t i c s adhere c l o s e l y t o p r e v i o u s v a l u e s , 
s u g g e s t i n g t h a t t h e extreme e r r o r i s n ot i n d i c a t i v e o f a l l t he 
i n t e r p o l a t e d v a l u e s . 
A sharp c o n t r a s t i s t o be found i n the p r e c i s i o n 
s t a t i s t i c s . The g l o b a l mean magnitude TRIMMED MIN/MAX v a l u e 
(7.93) i s o n l y m a r g i n a l l y b e t t e r e d by OCTANT and QUADRANT-
Indeed, i f the LIAN-RIVER s t a t i s t i c s were n o t so poor, the 
g l o b a l mean c o u l d have been a p p r o x i m a t e l y 0.5 l e s s than f o r 
any o f the p r e v i o u s data s e t s . On c l o s e r e x a m i n a t i o n , t h i s 
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i s seen Co be a g e n e r a l t r e n d amongst a l l data s e t s , w i t h t h e 
e x c l u s i o n o f the v e r y low NNS data s e t s . 
T h i s improvement i n p r e c i s i o n i s s t r o n g l y s u p p o r t e d by the 
KURTOSIS s t a t i s t i c s . The mean KURTOSIS (3.90) i s h i g h e r t h a n 
any p r e v i o u s mean. I t s importance must be i n c r e a s e d by the 
f a c t t h a t SKEWNESS and the range o f the e r r o r d i s t r i b u t i o n 
have decreased, as compared w i t h those from t he o t h e r methods; 
b o t h of these f a c t o r s s h o u l d lower KURTOSIS. These r e s u l t s , i n 
c o n j u n c t i o n w i t h the p r e v i o u s c o n s i s t e n c y measures, suggest an 
i n t e r p o l a t i o n method l i a b l e t o produce o c c a s i o n a l v a l u e s i n 
gross e r r o r , but which g e n e r a l l y performs w i t h a remarkably 
h i g h p r e c i s i o n . 
The MEAN and MEDIAN s t a t i s t i c s r e f l e c t few i m p o r t a n t 
f e a t u r e s o f i n t e r p o l a t i o n b i a s . I n g e n e r a l , a l l v a l u e s have a 
g r e a t l y reduced magnitude t o the p r e v i o u s i n t e r p o l a t i o n 
methods, the mean s y s t e m a t i c e r r o r i s -0.38, l y i n g between the 
weigh t e d average methods ( a p p r o x i m a t e l y -0.15) and the 
weigh t e d d a t a s u r f a c e average methods ( a p p r o x i m a t e l y -0.75). 
T h i s suggests t h a t t h e more s y m m e t r i c a l q u a d r a t i c f u n c t i o n has 
a g r e a t e r s t a b i l i s i n g e f f e c t t h a n do the a s y m m e t r i c a l l i n e a r 
s u r f a c e methods. A s i g n i f i c a n t c o r r e l a t i o n (0.80) e x i s t s 
between MEAN e r r o r and the mean a l t i t u d e (as computed by 
GEOD), a l t h o u g h t he s i m i l a r i t y between t he MEAN and MEDIAN 
val u e s i s more i m p o r t a n t s i n c e i t suggests t he TRIMMED e r r o r 
d i s t r i b u t i o n i s balanced and may be c h a r a c t e r i s e d by e i t h e r 
measure o f c e n t r a l tendency. This c o n f i r m s the c o n t r a s t 
between the few l a r g e unbalanced ORIGINAL extreme e r r o r s and 
the many p r e c i s e , low e r r o r v a l u e s . 
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The accuracy d e s c r i p t o r s are s i m i l a r l y d e r i v e d from t h e 
TRIMMED e r r o r d i s t r i b u t i o n , and t h e r e f o r e the g r e a t l y 
i n c r e a s e d accuracy s t a t i s t i c s are not unexpected. The mean 
STANDARD ERROR (2.63) i s markedly s u p e r i o r over t h e p r e v i o u s 
best v a l u e - QUADRANT ( 2 . 9 5 ) . ABS MEAN and SURFACE CORRELATION 
have s i m i l a r l y improved, a l t h o u g h , as the 0.96 (ABS MEAN and 
STANDARD ERROR/NNS) and 0.99 (SURFACE CORRELATION/NNS) 
c o r r e l a t i o n s s u ggest, these a re s t r o n g l y r e l a t e d t o NNS. I n 
f a c t , t h e v e r y low NNS RIVER data s e t s have m a r g i n a l l y 
decreased i n a c c u r acy. T h i s s t r e s s e s t h a t t h i s i s a g e n e r a l l y 
s u p e r i o r method o f i n t e r p o l a t i o n w i t h i n areas of good d a t a 
d i s t r i b u t i o n . 
I n t e r e s t i n g l y , t h e NEAR e r r o r - r e l a t e d c o r r e l a t i o n s which 
are weak o v e r a l l d i s p l a y a bi-modal d i s t r i b u t i o n w i t h 
r e l a t i o n t o NNS. The low NNS data s e t s w i l l n o t be so 
s u c c e s s f u l I n o b t a i n i n g many redundant p o i n t s i n areas o f 
sparse data f o r each p o i n t i n t e r p o l a t i o n . Since more redundant 
p o i n t s a re l i k e l y t o produce a b e t t e r i n t e r p o l a t i o n r e s u l t , 
and a l a r g e range o f data d i s t r i b u t i o n s and ( t h e r e f o r e ) 
redundancies w i l l o c c u r , a s t r o n g c o r r e l a t i o n might be 
expected. I t i s more d i f f i c u l t t o suggest reasons f o r t h e h i g h 
ERROR/NEAR c o r r e l a t i o n s f o r h i g h NNS data s e t s , a l t h o u g h t h i s 
i s l i k e l y t o be a r e s u l t o f p o l a r i s a t i o n o f e r r o r . High NNS 
dat a s e t s produce low e r r o r by t h i s method and t h e r e f o r e , 
whe re the NEAR v a l u e I s 0.0, the e r r o r w i l l be 0.0 ( t h i s 
f r e q u e n t l y occurs i n GRID d a t a ) ; elsewhere NEAR v a l u e s r i s e t o 
42.43 (see OUT-NEAR f o r INCH-GRID and L I A N - G R I D ) i n c r e a s i n g t h e 
e r r o r f r o m 0.0 t o mo d e s t v a l u e s . 
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O v e r a l l , GINOSURF can p e r f o r m w i t h a remarkably h i g h 
p r e c i s i o n and accuracy, but may f r e q u e n t l y , e s p e c i a l l y w i t h 
poor d i s t r i b u t i o n s , g enerate extreme e r r o r v a l u e s . These 
extremes are a r e s u l t o f t h e 'QUADRATIC EFFECT' and may be 
e a s i l y e x p l a i n e d (see F i g u r e 6.12) by c o n s i d e r i n g the 
t w o - d i m e n s i o n a l p a r a b o l a . As p o i n t s are more e v e n l y 
d i s t r i b u t e d around the p o i n t of i n t e r e s t , so the p a r a b o l a w i l l 
be c o n s t r a i n e d ( F i g u r e 6.12a). However, where a poor data 
d i s t r i b u t i o n o c c u r s , w i t h d i s t a n t and w i t h c l u s t e r e d data 
p o i n t s around the g r i d node, t h e e q u a t i o n may become 
i l l - c o n d i t i o n e d - a m b i g u i t y b e i n g due t o the data 
d i s t r i b u t i o n . One p o i n t lower down the curve and n e a r e r t o the 
g r i d node can reduce t h i s a m b i g u i t y . I t i s suggested t h a t , 
f r o m the data s e t s used w i t h i n t h i s r e s e a r c h , data s e t s w i t h 
n e a r e s t neighbour s t a t i s t i c s o f g r e a t e r than 1.050 have 
g e n e r a l l y a s u f f i c i e n t l y even d i s t i b u t i o n t o cope w i t h t h i s 
problem. The h i g h k u r t o s i s s t a t i s t i c s are a p r o d u c t o f the 
s i m p l i c i t y of the f u n c t i o n and the number of neighbours used 
t o i n t e r p o l a t e a g r i d node. Assuming a few w e l l - d i s t r i b u t e d 
p o i n t s the f i t s h o u l d be good and thus the e r r o r s h o u l d be 
low, g e n e r a t i n g a g r i d v a l u e c l o s e t o r e a l i t y . Since the 
average number o f p o i n t s t o be found i n the search i s 24, the 
i n t e r p o l a t i n g f u n c t i o n s h o u l d be w e l l - c o n s t r a i n e d t o the l o c a l 
e n v i r o n m e n t , w i t h the m a j o r i t y o f i n t e r p o l a t e d v a l u e s 
t h e r e f o r e h a v i n g low e r r o r s and o n l y a few h a v i n g p o o r l y 
i n t e r p o l a t e d extremes. T h i s e r r o r d i s t r i b u t i o n w i l l produce 
h i g h KURTOSIS s t a t i s t i c s . 
A l l these p o i n t s are emphasised i n F i g u r e s 6.13 and 6.14. 
I t s h ould be noted t h a t , i n these and the GHOT maps, i s a r i t h m s 
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were not p l o t t e d a t l e v e l s o u t s i d e a reasonable range o f the 
r e f e r e n c e l s a r l t h m s ( f o r reasons d i s c u s s e d I n 6.1.2). I n 
g e n e r a l , t h e r e s u l t a n t I s a r l t h m s are s u p e r i o r t o a l l methods 
o f I n t e r p o l a t i o n p r e v i o u s l y d i s c u s s e d . Compare, f o r example, 
t h e s u p e r i o r FORV-GRID d i s t r i b u t i o n i n F i g u r e s 6.3 and 6.5 
w i t h the poor e r FORV-C0NT0UR d i s t r i b u t i o n i n F i g u r e 6.13, and 
s i m i l a r l y compare the a l t e r n a t i v e FORV-BREAKLINE ( F i g u r e s 6.13 
and F i g u r e 6.6) r e s u l t s . There i s no doubt t h a t u s i n g 
LIAN-CONTOUR d a t a , GINOSDRF ( F i g u r e s 6.14) produces c l o s e r 
f i t t i n g i s a r l t h m s t h a n does SYMAP ( F i g u r e 6.11). I t must 
t h e r e f o r e be assumed t h a t a second-order p o l y n o m i a l i s a 
m o d e l l i n g t o o l more s u i t e d t o the data s e t s examined. However, 
s e r i o u s problems occur i n d a t a - v o i d s (see F i g u r e 6.13b) and 
thus r i d i c u l o u s r e s u l t s emerge i n such areas w i t h extreme 
maxima and minima (e^g. LIAN-RIVER i n Table 6.10). 
6.2.5 GHOT 
A comparison o f the p r e v i o u s GINOSURF summary s t a t i s t i c s 
( T a b l e 6.10) and the GHOT s t a t i s t i c s ( T a b l e 6.11) suggests 
t h a t the i n c r e a s e d number o f p o l y n o m i a l c o e f f i c i e n t s used by 
GHOT ( 2 ) and i t s poorer search r o u t i n e have a d r a m a t i c e f f e c t . 
The %BAD s t a t i s t i c s have i n c r e a s e d c o n s i d e r a b l y though, on 
c l o s e e x a m i n a t i o n , i t was noted t h a t a p p r o x i m a t e l y 75% of t h e 
nodes b a d l y e s t i m a t e d by GINOSURF were s a t i s f a c t o r i l y 
e s t i m a t e d by GHOT. I n t e r e s t i n g l y , the %BAD s t a t i s t i c has o n l y 
a s i g n i f i c a n t (0.81) c o r r e l a t i o n w i t h NNS and a r e a l 
a u t o c o r r e l a t i o n (AUFN). This i s one of the lowest NNS 
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c o r r e l a t i o n s and one of the h i g h e s t secondary c o r r e l a t i o n s 
observed, u n d e r l i n i n g the d r a m a t i c n a t u r e o f t h i s 
i n t e r p o l a t i o n method. 
More s e r i o u s l y , t h e r e are t w e l v e e x c e s s i v e l y extreme 
ORIGINAL MIN/MAX v a l u e s of which t h r e e (INCH-BREAKLINE -
389646., INCH-RIVER - 36937. and LIAN-BREAKLINE - 20669.) must 
be c o n s i d e r e d r i d i c u l o u s . Even i f these t h r e e v a l u e s are not 
co n s i d e r e d , the mean magnitude ORIGINAL MIN/MAX v a l u e i s 93.22 
a p p r o x i m a t e l y 3x g r e a t e r than t h e v a l u e f o r GHOT and 
a p p r o x i m a t e l y 5x g r e a t e r t h a n each o f the p r e c e d i n g v a l u e s . 
However, t h e r e a re f i v e data s e t s which have m a r g i n a l l y 
improved ( a l l GRID da t a s e t s and INCH-SCATTER and 
FORV-CONTOUR). While these i n c l u d e t h e data s e t s w i t h t h e 
h i g h e s t NNS i n each model, they a l s o i n c l u d e data s e t s w i t h 
h i g h a u t o c o r r e l a t i o n , s t r e s s i n g t h e d u a l c o n t r i b u t o r s t o t h i s 
method o f i n t e r p o l a t i o n . A d d i t i o n a l l y , t h i s t e c h n i q u e d i s p l a y s 
a marked p o s i t i v e b i a s t o the ORIGINAL p o s i t i v e and n e g a t i v e 
extremes. 
U n l i k e GINOSURF, the areas o f extreme e r r o r are not s m a l l 
and d i s t i n c t f rom t h e l a r g e areas o f p r e c i s e i n t e r p o l a t i o n . 
P r e c i s i o n has been s i m i l a r l y a f f e c t e d , w i t h a g l o b a l TRIMMED 
MIN/MAX mean magnitude o f 14.93 (as a g a i n s t a p p r o x i m a t e l y 8.00 
t o 9.00 f o r most o t h e r methods). I n GINOSURF, the extreme 
e r r o r s were c o n f i n e d t o the 0-2.5% and 97.5-100% q u a n t i l e 
ranges of the e r r o r d i s t r i b u t i o n . However, i n GHOT, these 
l a r g e e r r o r s extend i n t o the 2.5-97.5% e r r o r d i s t r i b u t i o n 
range, s t r e s s i n g the u n r e l i a b l e n a t u r e o f the i n t e r p o l a t o r . 
T h i s encroachment o f extreme e r r o r s i n t o the TRIMMED 
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MIN/MAX range has w i t h o u t doubt a f f e c t e d KURTOSIS, a l t h o u g h 
i n c r e a s e d SKEWNESS i s p a r t l y r e s p o n s i b l e f o r the i n c r e a s e d 
LIAN-BREAKLINE KURTOSIS. The r e l a t i v e l y l a r g e TRIMMED MIN/MAX 
ranges produced from t he INCH-RIVER, LIAN-BREAKLINE, 
LIAN-RIVER, FORV-BREAKLINE and FORV-SCATTER da t a s e t s are 
matched by l a r g e KURTOSIS v a l u e s (6.22, 13.19, 8.66, 7-95 and 
11.43). These c l e a r l y have c o n t r i b u t e d t o the l a r g e mean 
KURTOSIS ( 5 . 6 7 ) , a l t h o u g h i t s h o u l d be noted t h a t v i r t u a l l y 
a l l i n d i v i d u a l v a l u e s have i n c r e a s e d on the ( p r e v i o u s h i g h ) 
GINOSURF va l u e s and, f o r example, LIAN-GRID (4.02) and 
LIAN-CONTOUR (5.18) d a t a s e t s do n o t g i v e r i s e t o e i t h e r l a r g e 
SKEWNESS or l a r g e TRIMMED MIN/MAX ranges. I t must t h e r e f o r e be 
concluded t h a t t h i s method has i n c r e a s e d t h e p r e v i o u s l a r g e 
e r r o r s w h i l e b e i n g a more p r e c i s e i n t e r p o l a t o r i n the low 
e r r o r s i t u a t i o n s . 
S y s t e m a t i c e r r o r has behaved s i m i l a r l y t o t h a t from 
GINOSURF, a l t h o u g h i t has produced s t r o n g e r v a l u e s . The g l o b a l 
mean MEAN has i n c r e a s e d i n magnitude from -0.38 t o -0.82, 
a l t h o u g h t h i s can be m o s t l y accounted f o r i n t h r e e data s e t s -
INCH-RIVER, LIAN-BREAKLINE and LIAN-RIVER. I n t e r e s t i n g l y , 
t h e r e i s a h i g h e r MEAN/altitude c o r r e l a t i o n (0.93) than f o r 
GINOSURF ( 0 . 8 0 ) . This i s an i n h e r e n t f e a t u r e o f u s i n g a 
q u a d r a t i c i n t e r p o l a t i o n f u n c t i o n w i t h i n a p o i n t w i s e method 
s i n c e i t ensures t h a t lows are lower and hi g h s are h i g h e r . By 
examining F i g u r e 6.12, i t i s ob v i o u s t h a t t h e curved p a r t o f 
the p a r a b o l a ( w h i c h occurs a t the p o i n t t o be i n t e r p o l a t e d ) 
o u s t e i t h e r d i p below or r i s e above the s u r r o u n d i n g d a t a . I n a 
s i t u a t i o n such as t h a t c o n t a i n e d i n RIVER d a t a , where the data 
are a l r e a d y b i a s s e d low, the r e s u l t a n t i n t e r p o l a t e d g r i d w i l l 
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be more s t r o n g l y b iassed low - and v i c e v e r s a . 
The c o n t r a s t between the sharp decrease I n the s t r e n g t h o f 
the I n t e r p o l a t o r f o r some data s e t s , and the s i m i l a r , 
sometimes minor I n c r e a s e s ga i n e d by u s i n g t h i s method over 
GINOSURF, are I l l u s t r a t e d i n the accuracy d e s c r i p t o r s . Use of 
the INCH-CONTOUR, INCH-RIVER, LIAN-BREAKLINE, LIAN-RIVER and 
FORV-BREAKLINE data s e t s shows sharp decreases i n acc u r a c y . 
A l t e r n a t i v e l y , use of the INCH-GRID, INCH-SCATTER, 
LIAN-SCATTER and FORV-GRID data s e t s shows minor I n c r e a s e s i n 
accuracy. I t i s much more d i f f i c u l t t o suggest the p r e c i s e 
reasons which g i v e r i s e t o h i g h or low a c c u r a c i e s f o r 
d i f f e r e n t d a ta s e t s . Accuracy/NNS c o r r e l a t i o n s are much lower 
t h a n f o r p r e v i o u s methods (ABS MEAN, and SURFACE CORRELATION -
0.75 and STANDARD ERROR - 0.86). However, t h e r e has been a 
dr a m a t i c r i s e i n a c c u r a c y / a r e a l a u t o c o r r e l a t i o n c o r r e l a t i o n s 
(ABS MEAN, SURFACE CORRELATION are v e r y h i g h l y s i g n i f i c a n t -
0.94 and STANDARD ERROR i s h i g h l y s i g n i f i c a n t 0.90). On a 
n o n - s t a t i s t i c a l b a s i s , i t i s apparent t h a t the l l n e a t e d , 
s u r f a c e - s p e c i f i c data s e t s (BREAKLINE, RIVER and CONTOUR) have 
f a r e d d r a m a t i c a l l y l e s s w e l l than t h e surface-random d a t a s e t s 
(GRID and SCATTER). 
Thi s c o n f l i c t i s apparent w i t h i n t h e e r r o r - r e l a t e d 
c o r r e l a t i o n s and IN and OUT summary s t a t i s t i c s . While mean 
v a l u e s f l u c t u a t e a p p a r e n t l y i m p o r t a n t l y (ERROR/NEAR - 0.317, 
ERR0R/N0NN - -0.207 and ERROR/GRAD - 0.101), t he w l t h i n - m o d e l 
v a r i a n c e s are v e r y l a r g e -
The view t h a t s u r f a c e a u t o c o r r e l a t i o n i s always o f major 
s i g n i f i c a n c e t o the r e s u l t a n t accuracy o f i n t e r p o l a t i o n may be 
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weakened by c o n s i d e r i n g F i g u r e 6.14 w i t h r e s p e c t t o F i g u r e 
6.11. There i s no doubt t h a t , o u t s i d e t h e f l a t r i v e r v a l l e y i n 
the lower t h i r d o f the ar e a , t he i s a r i t h m s a re w e l l - r e p l i c a t e d 
b o t h by GHOT and GINOSURF. However, i n the f l a t , h i g h l y 
a u t o c o r r e l a t e d area ( w e l l i n t e r p o l a t e d by S7MAP), extremes o f 
-1040m and +650m r e s u l t i n v e r y poor r e s u l t a n t i s a r i t h m s f o r 
GHOT, d i s t i n c t l y i n f e r i o r even t o those from GINOSURF. Th i s 
must be c o n s i d e r e d a d i r e c t consequence o f a low v a l u e f o r t h e 
NNS and I r r e s p e c t i v e o f any o t h e r a u t o c o r r e l a t i o n or s u r f a c e 
area or d i s p e r s i o n v e c t o r s t a t i s t i c s . T h i s i s s t r e s s e d by 
comparing F i g u r e 6,9 ( t h e GPCP comparison) w i t h F i g u r e 6.15. 
Outside data v o i d s , GHOT produces s u p e r i o r r e s u l t s t o any 
o t h e r p o i n t w i s e methods. However, a program i s o n l y o f 
p r a c t i c a l use i f i t always produces reasonable r e s u l t s , or 
suppresses o u t p u t where i t i s unable t o achieve reasonable 
r e s u l t s . Extremes o f 389,646m and 36,937m- f a c t o r s o f 2000x 
and 200x t h e range o f the data - are e x c e s s i v e f o r any 
i n t e r p o l a t i o n method and rend e r i t u n r e l i a b l e , e s p e c i a l l y 
s i n c e t h e q u a d r a t i c e f f e c t and i l l - c o n d i t i o n i n g do not 
r e s t r i c t t h e e r r o r t o one s m a l l l o c a t i o n , but extend i t t o 
l a r g e b l o c k s o f g r i d nodes. The g e n e r a l m a r g i n a l i n c r e a s e i n 
error/number o f near n e i g h b o u r s does demonstrate the 
importance o f the i l l - c o n d i t i o n i n g due t o i n s u f f i c i e n t p o i n t s . 
When any p o l y n o m i a l f u n c t i o n i s u t i l i s e d , the number o f p o i n t s 
which must be found i s e q u i v a l e n t t o the number o f 
c o e f f i c i e n t s . I n a l e a s t squares f i t , t h i s number may be 
augmented. There i s no guarantee t h a t , w i t h i n GHOT, the 
minimum number o f p o i n t s i s used f o r each e v a l u a t i o n , hence 
the s l i g h t i n c r e a s e i n error/number of near neighbours 
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c o r r e l a t i o n s i n c e fewer p o i n t s r e s u l t i n a poorer f i t . 
A d d i t i o n a l l y , s i n c e the s i x - t e r m q u a d r a t i c f u n c t i o n u t i l i s e d 
i n GHOT i s more f l e x i b l e and t h e r e f o r e p o t e n t i a l l y more 
u n s t a b l e t h a n t h e f o u r - t e r m p a r a b o l o i d used i n GINOSURF, a 
poor p o i n t d i s t r i b u t i o n may i n c u r a l a r g e r subsequent e r r o r i n 
GHOT. 
O v e r a l l , the second-order f u n c t i o n can, i n g e n e r a l ^ model 
th e l o c a l nuances o f t e r r a i n b e t t e r t h a n a weig h t e d average or 
l i n e a r s u r f a c e p r o v i d e d a reasonable p o i n t d i s t r i b u t i o n 
e x i s t s . T h i s i s emphasised by the e r r o r / g r a d i e n t c o r r e l a t i o n s 
b e i n g found t o be t r i v i a l f o r b o t h GHOT and GINOSURF and much 
weaker than t h e e r r o r / n e a r e s t neighbour d i s t a n c e . GHOT may be 
summarised as p e r f o r m i n g w i t h reasonable accuracy, but 
pr o d u c i n g many extreme v a l u e s . The problem o f data 
d i s t r i b u t i o n appears t o be more c r u c i a l t h a n w i t h GINOSURF and 
a marked c o r r e l a t i o n e x i s t s between h i g h accuracy and h i g h 
NNS. Thus, i t i s suggested t h a t , f r o m t h e r e s u l t s o f the data 
s e t s used i n t h i s r e s e a r c h , o n l y data s e t s w i t h a NNS g r e a t e r 
than 1.350 can be guaranteed t o produce s u f f i c i e n t l y 
c o n s i s t e n t r e s u l t s . The main sources o f e r r o r i n GHOT are the 
poor search procedure and the l e s s s t a b l e f u n c t i o n . 
6.2.6 MINCURV 
W i t h i n the two-stage process o f i n t e r p o l a t i o n u s i n g MINCURV 
(see 2.5.8) t h e r e are s e v e r a l parameters which must be 
d e f i n e d . The search r a d i u s ( s ) used i n the weighted average 
i n t e r p o l a t i o n t o e s t a b l i s h the i n i t i a l g r i d was ge n e r o u s l y 
d e f i n e d t o pr e v e n t any gross p r e l i m i n a r y g r i d e r r o r s . The 
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minimum su c c e s s i v e i t e r a t i o n d i f f e r e n c e (DELTA) a t which 
i t e r a t i o n s s h o u l d t e r m i n a t e was based on the o r i g i n a l 
d i g i t i s i n g h e i g h t accuracy and d e f i n e d as 0.25m. The s t a r t i n g 
g r i d dimensions o b v i o u s l y had t o v a r y t o s u i t t h e p a r t i c u l a r 
model concerned, s i n c e the f i n a l g r i d dimensions would d i f f e r . 
They were d e f i n e d t o a l l o w f o u r s u c c e s s i v e g r i d expansions f o r 
each model b e f o r e the f i n a l r e q u i r e d s i z e was d e r i v e d . The 
o t h e r necessary parameters were s u i t a b l y d e f i n e d . 
I n the program d e s c r i p t i o n o f MINCURV (Swain, 1976), i t i s 
s t a t e d t h a t , 
" R e s u l t s are c o n s i d e r e d s u p e r i o r t o those o f s t a n d a r d 
packages such as Calcomp's GPCP because the s u r f a c e 
produced has the minimum c u r v a t u r e p r o p e r t y . " 
However, from t h e r e s u l t s o f the p r e v i o u s packages 
( i n c l u d i n g GPCP), i t i s obvious t h a t , w i t h i n t h e 
c o n s i d e r a t i o n s o f t h i s r e s e a r c h , the minimum c u r v a t u r e method 
i s d i s t i n c t l y i n f e r i o r t o a l l p r e v i o u s l y d i s c u s s e d methods 
(see Table 6.12). MINCURV has a v e r y poor e s t i m a t i o n 
r e l i a b i l i t y ; an average of 14.8% o f g r i d nodes w i t h i n INCH and 
LIAN d a t a s e t s were not e v a l u a t e d w i t h i n t h e r e q u i r e d 
t o l e r a n c e s . I t i s u n l i k e l y t h a t the poor i n t e r p o l a t i o n i s due 
t o poor parameter s e l e c t i o n , s i n c e t h e m a j o r i t y of the 
parameters a re a s s o c i a t e d w i t h the e s t a b l i s h m e n t o f the 
p r e l i m i n a r y g r i d which s h o u l d not c r e a t e gross e r r o r s . W i t h i n 
each model, i n t e r p o l a t i o n accuracy has a v e r y h i g h l y 
s i g n i f i c a n t c o r r e l a t i o n (0.96) w i t h NNS, a l t h o u g h i m p o r t a n t l y , 
a l l g r i d nodes w i t h i n FORV data s e t s are s a t i s f a c t o r i l y 
e v a l u a t e d . This may be r e l a t e d t o the smoother t e r r a i n o f 
FORV, as d e f i n e d by the v e c t o r a n a l y s i s and s u r f a c e area 
parameters, a l t h o u g h p r o b a b l y i s a l s o due t o the c o n s i s t e n t l y 
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s u p e r i o r data d i s t r i b u t i o n s w i t h i n t h e FORV model. 
A l l e r r o r s t a t i s t i c s are a l s o c o n s i s t e n t l y p r o p o r t i o n a t e l y 
l a r g e r f o r INCH and LIAN. Maximum and minimum e r r o r s are 
extreme and o f t e n unbalanced, a l t h o u g h t h e r e s u l t a n t 
s y s t e m a t i c e r r o r has a lower magnitude, s i n c e i t does not 
i n c l u d e t he extreme v a l u e s . The u n p r e d i c t a b i l i t y i s emphasised 
by KURTOSIS, where w i t h i n each model t h e r e i s a l a r g e 
v a r i a n c e ( a p p r o x i m a t e l y 4-14). The Importance o f the data 
d i s t r i b u t i o n i s f u r t h e r s t r e s s e d by the e r r o r c o r r e l a t i o n 
s t a t i s t i c s . I n no o t h e r i n t e r p o l a t i o n method examined do such 
c o n s i s t e n t , v e r y h i g h l y s i g n i f i c a n t ERROR/NEAR (mean - 0.451) 
and ERR0R/N0NN (mean - -0.385) c o r r e l a t i o n s e x i s t . The l a c k o f 
any i n f l u e n c e o f the s u r f a c e on t h e i n t e r p o l a t i o n procedure i s 
suggested by the c o m p a r a t i v e l y poor ERROR/GRAD c o r r e l a t i o n s 
w hich have a l a r g e w i t h i n - m o d e l v a r i a n c e . 
W hile i t i s t r i v i a l t o p o i n t out the o v e r a l l cause o f 
e r r o r , namely poor data d i s t r i b u t i o n , i t i s much more complex 
t o e x p l a i n t h e p r e c i s e reason f o r i t s o c c u r r e n c e due t o the 
i n t e r w o v e n n a t u r e o f the i n t e r p o l a t i o n p r o c e d u r e . Swain (1976, 
231) d i s c u s s e s some o f the problems i n v o l v e d i n d e t e r m i n i n g 
t h e i n i t i a l g r i d which i s s u b s e q u e n t l y u t i l i s e d i n t h e minimum 
c u r v a t u r e i t e r a t i o n s t a g e . T h i s i n i t i a l r a n d o m - t o - g r i d stage 
may be performed i n s e v e r a l ways, a l t h o u g h , 
" S l i g h t l y f a s t e r convergence o f the s o l u t i o n may be 
o b t a i n e d by i n i t i a l l y f i t t i n g w e i g h t e d p a r a b o l o i d s a t 
each g r i d p o i n t , a l t h o u g h t h i s can g i v e extreme v a l u e s i n 
l a r g e gaps and a t the edges where a l l t h e data a re on one 
s i d e o f a g r i d p o i n t " (Swain, 1976, 231). 
Thus a p o i n t w l s e q u a d r a t i c d i s t a n c e - w e i g h t e d average of 
s u r r o u n d i n g data p o i n t s I s used w i t h i n MINCURV a t t h i s s t a g e . 
RANDOM-TO-GRID INTERPOLATION 
371 
I t s h o u l d thus be I m p o s s i b l e t o d e r i v e extreme p r e l i m i n a r y 
v a l u e s , and a c c u r a c i e s o b t a i n e d by s i m i l a r methods (e£. 
SURFACE I I GRAPHICS) would be expected. 
A l t h o u g h a m i n i m a l e r r o r may be gene r a t e d i n t h e f i r s t 
s t a g e , i t i s from the second i t e r a t i v e stage t h a t t h e major 
e r r o r sources d e r i v e . C o n s i d e r a b l e d i s t o r t i o n may occur when 
u s i n g the d i f f e r e n c e e q u a t i o n s a s s o c i a t e d w i t h t h e c o r n e r and 
boundary zone ( o u t e r two rows and columns). I n t h i s a r e a , the 
o f f - g r i d e q u a t i o n s are not a p p l i e d , but i n s t e a d t he data 
p o i n t s are moved t o the n e a r e s t g r i d p o i n t s and these v a l u e s 
f i x e d t o c o n t r o l t h e s u r r o u n d i n g g r i d v a l u e s d u r i n g i t e r a t i o n 
(Swain, 1978). An e r r o r , d i r e c t l y i n r e l a t i o n t o the node/data 
d i s t a n c e , i s thus g e n e r a t e d . W i t h i n the i n t e r n a l b l o c k and on 
the o t h e r n o n - d e f i n e d e x t e r n a l nodes, e r r o r i s a l s o c l o s e l y 
l i n k e d w i t h t h e node/data d i s t a n c e and any e r r o r t h a t i s 
a l r e a d y e x t a n t . Since the i t e r a t i v e i n t e r p o l a t i o n procedure 
i n v o l v e s g e n e r a t i n g new v a l u e s from o l d and the m a j o r i t y o f 
o l d v a l u e s w i t h i n t h i s e v a l u a t i o n are i n t e r p o l a t e d and thus i n 
e r r o r , most e r r o r w i l l be accumulated i n p r o p o r t i o n t o the 
node/data p o i n t d i s t a n c e . Hence, i t i s obvious t h a t e r r o r and 
i t s e s c a l a t i o n may be d i m i n i s h e d , p o s s i b l y q u i t e r a p i d l y , 
i t h e r by r e s t r i c t i n g the h e i g h t range ( f o r example by u s i n g FORV 
data r a t h e r t h a n INCH d a t a ) or by i n c r e a s i n g t h e p o i n t 
d e n s i t y . 
While nodes ge n e r a t e d i n the f i r s t s tage o f the 
i n t e r p o l a t i o n are w i t h i n t o l e r a b l e l i m i t s , F i g u r e s 6.16 and 
6.17 i l l u s t r a t e some of the problems i n h e r e n t i n the second 
s t a g e . I t i s obvious from b o t h f i g u r e s t h a t t h e r e i s a l a r g e 
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v a r i a n c e among d i f f e r e n t data s e t s w i t h i n any model and thus 
e r r o r i s n ot c o r r e l a t e d w i t h l o c a l s u r f a c e morphology. I t i s 
apparent however t h a t the data v o i d s c o i n c i d e e x a c t l y w i t h the 
areas o f i s a r l t h m v o i d s (KB. where the i n t e r p o l a t e d g r i d node 
l i e s o u t s i d e the range o f p l o t t e d i s a r l t h m s ) . T h e r e f o r e gross 
e r r o r s u s i n g t h i s p s e u d o - s p l i n i n g t e c h n i q u e a r e a d i r e c t 
r e s u l t o f data d i s t r i b u t i o n . I t has a l r e a d y been proposed t h a t 
much of the e r r o r on the boundary zones has been i n t r o d u c e d by 
th e d i f f e r e n c e e q u a t i o n s i n c o n j u n c t i o n w i t h t h e node/data 
d i s t a n c e s and, i n r e l a t i o n t o t h i s , most major e r r o r sources 
occur on the b o u n d a r i e s . However, the boundary i s not 
r e s p o n s i b l e f o r a l l e r r o r , as i s i l l u s t r a t e d by the p l o t o f 
INCH-RIVER d a t a . F i n a l l y , t h e r e s u l t s d e r i v e d f r o m 
INCH-CONTOUR da t a suggest t h a t - where t he data d i s t r i b u t i o n 
a l l o w s - good r e s u l t s may be achieved f o r p o o r l y d i s t r i b u t e d 
d a t a , a l t h o u g h t h i s cannot be d i r e c t l y c o r r e l a t e d t o t h e NNS, 
as LIAN-CONTOUR data produce a h i g h e r v a l u e . 
6.2.7 KRIGE 
" I n t h e o r y , no o t h e r method o f g r i d g e n e r a t i o n can 
produce more a c c u r a t e e s t i m a t e s o f t h e form o f the mapped 
s u r f a c e ... even w i t h n a i v e e s t i m a t e s o f t h e pa r a m e t e r s , 
k r i g l n g w i l l do no worse than a r b i t r a r y e s t i m a t i n g 
procedures such as those i n 'GRID'" (Sampson, 1978, 111). 
Examining a l l the SURFACE I I GRAPHICS s t a t i s t i c s ( T a b l e 6.3 
t o 6.7) and Table 6.13 (KRIGE), t h e i n t e r p o l a t i n g a b i l i t y o f 
KRIGE i s seen t o be v a s t l y s u p e r i o r t o any of the o t h e r 
SURFACE I I GRAPHICS methods i n terms o f acc u r a c y . KRIGE, 
however, does not i n t e r p o l a t e more a c c u r a t e e s t i m a t e s than 
MULTI (Table 6.16) a l t h o u g h i t does produce m a r g i n a l l y 
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s u p e r i o r r e s u l t s t o the second most a c c u r a t e form o f 
I n t e r p o l a t i o n s t u d i e d - SACM ( T a b l e 6.14). However, KRIGE i s 
i n f e r i o r t o many of these o t h e r methods as a r e s u l t of i t s 
poor a b i l i t y t o i n t e r p o l a t e i n e x t e n s i v e data v o i d s . The 
SURFACE I I GRAPHICS manual (Sampson, 1978) suggests t h a t t h i s 
may be a f a c t o r o f the run parameters s e l e c t e d , a l t h o u g h many 
com b i n a t i o n s were examined. 
K r i g i n g was accessed w i t h i n SURFACE I I GRAPHICS and thus 
the ORIGINAL MIN/MAX e r r o r s are a r t i f i c i a l l y low due t o c e r t a i n 
nodes not bei n g e v a l u a t e d (see 6.2.1). T h i s i s f a i r l y 
w idespread (see b r a c k e t e d v a l u e s ) and, i f t he magnitudes o f the 
MIN/MAX values and the ZBAD s t a t i s t i c s are examined, i t i s 
apparent t h a t o n l y a few INCH-RIVER nodes were a c t u a l l y 
i n t e r p o l a t e d o u t s i d e t he a r b i t r a r y -40.0 t o +40.0 'extreme 
e r r o r ' range. The c o n s i s t e n c y o f (on average) a p p r o x i m a t e l y 2% 
o f t h e nodes n o t bei n g e v a l u a t e d , due t o i n s u f f i c i e n t d ata 
p o i n t s b e i n g found by the OCTANT s e a r c h , i s w o r r y i n g . The 
c o n c l u s i o n must be drawn t h a t t h e OCTANT s e a r c h , as used i n 
SURFACE I I GRAPHICS f o r k r i g i n g , I s t oo r i g i d . However, t h i s 
cannot be d i r e c t l y a s s o c i a t e d t o NNS, as the ZBAD/NNS rank 
c o r r e l a t i o n i s an i n s i g n i f i c a n t 0.39, and no o t h e r s i g n i f i c a n t 
c h a r a c t e r i s t i c a s s o c i a t e d c o r r e l a t i o n s e x i s t . T his i s 
a s s o c i a t e d w i t h the h i g h w i t h i n - m o d e l c o n s i s t e n c y o f %BAD, 
which suggests t h a t , w i t h the e x c l u s i o n o f e x c e p t i o n a l l y low 
NNS (say l e s s t h a n 1.0) data s e t s , each d a t a s e t w i t h i n any 
p a r t i c u l a r model w i l l have a s i m i l a r number o f nodes which are 
not i n t e r p o l a t e d (INCH - 1.0, LIAN - 1.8 and FORV - 0.01). 
Having removed many of the problem areas by n ot a t t e m p t i n g 
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t o i n t e r p o l a t e the nodes, i t i s not s u r p r i s i n g t h a t the mean 
magnitude ORIGINAL MIN/MAX v a l u e i s low. However a v a l u e . o f 
12.29 which s u b s e q u e n t l y t r a n s f e r s i n t o a TRIMMED MIN/MAX mean 
magnitude o f 6.01 (GINOSURF - 7.93 and OCTANT 7.89) does show 
the power o f t h i s method. I n a d d i t i o n t o the e x c e p t i o n a l l y low 
mean v a l u e s , t h e r e i s ( w i t h t h e e x c l u s i o n o f RIVER d a t a ) a low 
w i t h i n - m o d e l v a r i a n c e and the MIN and MAX v a l u e s are 
w e l l - b a l a n c e d , s u g g e s t i n g an unbiassed i n t e r p o l a t o r . The o t h e r 
p r e c i s i o n d e s c r i p t o r , KURTOSIS, d i s p l a y s a s u r p r i s i n g l y h i g h 
mean ( 3 . 6 1 ) . While t h i s i s not as h i g h as the more s p e c i a l i s e d 
p o i n t w i s e methods (GPCP, GINOSDRF and GHOT), i t i s g r e a t e r 
t h a n t h e b a s i c w e i g h t e d a v e r a g i n g methods. T h i s i s s u r p r i s i n g 
s i n c e SKEWNESS magnitude and the TRIMMED e r r o r range are 
s m a l l e r than f o r the s p e c i a l i s e d methods, and sh o u l d t h e r e f o r e 
decrease KURTOSIS. T h e r e f o r e , e r r o r s are not o n l y c o n f i n e d t o 
a s m a l l range, but the d i s t r i b u t i o n i s n o t i c e a b l y peaked a t 
the MEAN. 
The h i g h p r e c i s i o n o f the e r r o r d i s t r i b u t i o n i s s u p p o r t e d 
by the s i m i l a r i t y o f the two measures o f c e n t r a l tendency 
MEAN and MEDIAN. Wit h the e x c e p t i o n o f a few data s e t s 
(INCH-RIVER, INCH-SCATTER and LIAN-BREAKLINE), t h e r e i s good 
w i t h i n - m o d e l s y s t e m a t i c e r r o r c o n s i s t e n c y . These measures 
(MEAN and MEDIAN) a r e a l s o o f low magnitude, u n d e r l i n i n g the 
low b i a s found i n the ORIGINAL MIN/MAX s t a t i s t i c s . 
From the p r e v i o u s d i s c u s s i o n , i t i s not s u r p r i s i n g t h a t t h e 
r e s u l t a n t w i t h i n - m o d e l a c c u r a c i e s are re m a r k a b l y c o n s i s t e n t , 
and t h a t they are s u p e r i o r t o any of the p r e v i o u s methods 
(mean STANDARD ERROR - 2.27 as opposed t o GINOSURF - 2.63). 
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While t he a c c u r a c i e s o f the data s e t s p r o d u c i n g the p o o r e s t 
p r e v i o u s a c c u r a c i e s have o b v i o u s l y i n c r e a s e d most r a p i d l y (e&. 
INCH-BREAKLINE, LIAN-CONTOUR and FORV-SCATTER) the poor 
d i s t r i b u t i o n o f RIVER data s t i l l poses problems of acc u r a c y . 
T h i s s t r e s s e s the f a c t t h a t , even f o r KRIGE t o be s u c c e s s f u l , 
data s e t s must have a NNS g r e a t e r t h a n about 1.0. 
I m p o r t a n t l y , t h e r e are no s i g n i f i c a n t e r r o r - r e l a t e d 
c o r r e l a t i o n s . Low mean v a l u e s o f 0.249 (ERROR/NEAR), -0.122 
(ERROR/NONN) and 0.150 (ERR0R/GRAD) u n d e r l i n e t h e f a c t t h a t 
t h i s method o f i n t e r p o l a t i o n i n v o l v e s e s t i m a t i n g l o c a l s u r f a c e 
a u t o c o r r e l a t i o n . The IN and OUT s t a t i s t i c s c o n f i r m t h i s , s i n c e 
most IN and OUT v a l u e s are v e r y s i m i l a r . T h i s suggests t h a t 
t h e extreme e r r o r s and the nodes not i n t e r p o l a t e d may occur i n 
a v a r i e t y o f s i t u a t i o n s which are not r e l a t e d t o the nearness 
o f data p o i n t s t o the nodes b e i n g i n t e r p o l a t e d , t h e number o f 
da t a p o i n t s c l o s e t o each node b e i n g i n t e r p o l a t e d , or the 
g r a d i e n t i n the l o c a l v i c i n i t y o f the g r i d nodes. The two da t a 
s e t s w i t h NNS va l u e s o f under 1.0 are e x c e p t i o n s and show a 
sharp c o n t r a s t between the IN and OUT NONN-MEANs, s u g g e s t i n g 
t h a t t h i s i s a f a c t o r c r u c i a l t o poor i n t e r p o l a t i o n f o r t h e 
low NNS data s e t s . 
The b e n e f i t s o f KRIGE are i l l u s t r a t e d i n F i g u r e s 6.18 and 
6.19. I n g e n e r a l , e x c l u d i n g t he %BAD - not i n t e r p o l a t e d a r e a s , 
t h e s u r f a c e morphology has been w e l l - m o d e l l e d from what are 
the most troublesome data s e t s . However, s e r i o u s doubts must 
be r a i s e d about any procedure which f a i l s t o i n t e r p o l a t e g r i d 
nodes so c l o s e t o such dense c l u s t e r s o f data p o i n t s 
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6.3 PATCHWISE METHODS 
6.3.1 SACM 
SACM d e r i v e s I t s accuracy from i t s two-pass system o f 
i n t e r p o l a t i o n . F i r s t , g r i d c e l l s c o n t a i n i n g data p o i n t s are 
e v a l u a t e d by a patchwise l i n e a r s u r f a c e c o n s t r a i n e d t o pass 
t h r o u g h the data p o i n t s and f i t t e d t o 8 p o i n t s found by a l o c a l 
o c t a n t s e a r c h . This s h o u l d e l i m i n a t e i n t e r p o l a t i o n extremes 
and r e l a t e the nodes o f the c e l l t o the whole s u r r o u n d i n g 
l o c a l environment r a t h e r t h a n a s m a l l s e c t o r o f t h a t 
environment ( i f a n e a r e s t 'n' p o i n t s earch was use d ) . The 
second pass, by w o r k i n g outwards from p r e v i o u s l y d e r i v e d g r i d 
nodes, ensures t h a t d e r i v e d p o i n t s w i l l almost c e r t a i n l y be 
reasonable and t h a t a smooth t r a n s i t i o n w i l l occur from one 
dat a p o i n t environment t o a n o t h e r . 
Examining the s t a t i s t i c a l r e s u l t s o f i n t e r p o l a t i o n , Table 
6.14, the package i s seen g e n e r a l l y t o be s u c c e s s f u l . The 
t o t a l %BAD s t a t i s t i c i s the l o w e s t encountered f o r any of the 
i n t e r p o l a t i o n methods i n v e s t i g a t e d s u g g e s t i n g a g e n e r a l l y s afe 
i n t e r p o l a t o r . A l t e r n a t i v e l y , t h e ORIGINAL MIN/MAX v a l u e s are 
m a r g i n a l l y and c o n s i s t e n t l y g r e a t e r t h a n t he comparable KRIGE 
v a l u e s (mean magnitude 14.13 - SACM, 12.29 - KRIGE). T h i s i s 
t o be expected, s i n c e t h e r e are many KRIGE nodes i n data v o i d s 
not i n t e r p o l a t e d . However, the MIN/MAX v a l u e s are s u p e r i o r t o 
a l l o t h e r methods, w i t h t h e e x c l u s i o n o f MULTI, s u p p o r t i n g t h e 
s u p e r i o r g l o b a l accuracy and c o n s i s t e n c y o f t h i s method. 
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S u r p r i s i n g l y , p r e c i s i o n i s not as h i g h as might be expected 
(TRIMMED mean magnitude- 7.52), a l t h o u g h t h i s s hould be 
c o n s i d e r e d i n t h e c o n t e x t o f the c o n s i s t e n t l y h i g h KURTOSIS 
(mean 4.20). Sy s t e m a t i c e r r o r and SKEWNESS are o f g e n e r a l l y 
low magnitude and t h e r e f o r e t h i s emphasises t h e f a c t t h a t the 
method c o n s t r a i n s t he m a j o r i t y o f e r r o r w i t h i n narrow l i m i t s . 
Where good d a t a d i s t r i b u t i o n o c c u r s , t h e s i m p l e r f i r s t - s t a g e 
SACM f u n c t i o n , w i t h l o c a l i s e d s e a r c h i n g , w i l l produce many 
h i g h l y a c c u r a t e r e s u l t s . Elsewhere, t h e s u r f a c e a v e r a g i n g 
f u n c t i o n s w i l l produce s a f e a c c e p t a b l e v a l u e s - i t i s 
no t e w o r t h y t h a t t h e SURFACE I I GRAPHICS i n t e r p o l a t i o n methods 
produce TRIMMED MIN/MAX v a l u e s most s i m i l a r t o SACM. 
Accuracy i s a l s o m a r g i n a l l y p o o r e r than f o r KRIGE. There i s 
low w i t h i n - m o d e l v a r i a n c e f o r a l l d e s c r i p t o r s w i t h , once 
a g a i n , the e x c e p t i o n o f r e s u l t s based on INCH-RIVER d a t a . L i k e 
a l l o t h e r methods, SACM cannot cope w i t h t h e deep i n c i s i o n o f 
the INCH v a l l e y s , which produces a s t r o n g n e g a t i v e b i a s t o the 
I n t e r p o l a t i o n r e s u l t s . However, t h e p e r f e c t ( 1 . 0 ) STANDARD 
ERROR and ABS MEAN rank c o r r e l a t i o n s w i t h NNS s u p p o r t the 
p r e v i o u s d i s c u s s i o n c o n c e r n i n g t h e a s s o c i a t i o n between t he 
two stages o f i n t e r p o l a t i o n , t h e i r r e s u l t a n t accuracy and NNS. 
A l l e r r o r - r e l a t e d c o r r e l a t i o n c o e f f i c i e n t s are low, 
u n d e r l i n i n g the problems o f d e r i v i n g these c o r r e l a t i o n s where 
low e r r o r e x i s t s , but a l s o s u g g e s t i n g t h a t c a u s a t i o n o f e r r o r 
may be due t o a m u l t i p l i c i t y o f f a c t o r s . T h i s c o u l d be a 
r e s u l t o f the two-stage i n t e r p o l a t i o n p r ocess, both stages 
h a v i n g d i f f e r i n g causes o f e r r o r . I n a d d i t i o n , mean 
c o r r e l a t i o n s o f ERROR/NEAR - 0.224, ERR0R/N0NN - -0.080 and 
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ERROR/GRAD - 0.142 are s i m i l a r t o those o f KRIGE, u n d e r l i n i n g 
t h e s i m i l a r i t y between s i m i l a r accuracy methods. 
The s t a t i s t i c s which are s u p e r i o r t o a l l o t h e r methods 
e x c l u d i n g MDLTI are emphasised by t h e s u p e r i o r i s a r l t h m s 
i n t e r p o l a t e d ( F i g u r e s 6.20 and 6.21). The i s a r i t h m s f o r t h e 
FORV data r e p l i c a t e t h e r e f e r e n c e I s a r l t h m s w e l l , e s p e c i a l l y 
F0RV-C0NT0UR ( f o r comparison w i t h GINOSORF see F i g u r e 6.13), 
a l t h o u g h those from FORV-SCATTER a l s o m a i n t a i n the g e n e r a l 
shape o f t h e s u r f a c e . More s i g n i f i c a n t l y , INCH-CONTOUR and 
-RIVER data i n t e r p o l a t e a g r i d which s u b s e q u e n t l y produces 
a r g u a b l y t h e best i s a r i t h m s f o r t h e i r r e s p e c t i v e data s e t s . 
The success o f t h i s method must t h e r e f o r e not be measured 
s o l e l y i n terms o f s p e c i f i c a c c u r a c y , but a l s o i t s c o n s i s t e n c y 
w i t h i n i n d i v i d u a l map ar e a s , data s e t s and models. 
S i g n i f i c a n t l y , o n l y INCH-RIVER produces a non-zero %BAD 
s t a t i s t i c The robustness o f the f i r s t - p a s s l i n e a r p a tchwise 
f u n c t i o n , and the c o n s t r a i n i n g o f the second pass t o b u i l d 
f r o m the r e s u l t a n t i n t e r p o l a t e d nodes, ensure t h a t no major 
e r r o r may occ u r . 
6.3.2 BRAILE 
When r u n n i n g BRAILE, f o u r major parameters had t o be 
s u p p l i e d i n a d d i t i o n t o those d e f i n i n g g r i d and data sample 
s i z e and c o - o r d i n a t e s . The s i z e o f the patches were d e f i n e d : 
a. i n terms o f the s i z e of the p a t c h o f g r i d nodes b e i n g 
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J b. i n terms o f Che search area o f i n t e r e s t - s e t t o 
500x500m (INCH), 300x300m (LIAN) and 250x250m (FORV). 
. ! 
The maximum o r d e r o f p o l y n o m i a l f i t w i t h i n each p a t c h was 
se t t o t h i r d - o r d e r t h r o u g h o u t and the minimum number of p o i n t s 
r e q u i r e d w i t h i n each p a t c h would e q u a l t h e number o f 
c o e f f i c i e n t s . Thus, i f i n s u f f i c i e n t p o i n t s were found f o r a 
t h i r d - o r d e r p o l y n o m i a l , the o r d e r would d i m i n i s h u n t i l t h e 
number of c o e f f i c i e n t s was e q u i v a l e n t t o the number o f p o i n t s 
r a t h e r than i n some p r e v i o u s l y d i s c u s s e d methods where t he 
search r a d i u s was extended. 
O v e r a l l , v e r y few i n t e r p o l a t e d p o i n t s were o u t s i d e t h e 
re j q u i r e d t o l e r a n c e . The extreme e r r o r s from t h e BREAKLINE data 
are a d i r e c t r e s u l t o f poor i n t e r p o l a t i o n a t the edges - a l l 
the e r r o r s occur on the edge g r i d nodes and are t h e r e f o r e 
p a r t l y e x c u s a b l e . The gross e r r o r s from the RIVER data are o u t s i d e 
the g r i d edge area and must be c o n s i d e r e d a d i r e c t r e s u l t o f 
the d a t a . I n g e n e r a l , the magnitude o f the ORIGINAL ERROR 
MIN/MAX i s g r e a t e r t h a n f o r most methods (see Table 6.15). The 
mean magnitude v a l u e o f 23.80 ( e x c l u d i n g the INCH-BREAKLINE 
MAX) i s o n l y surpassed by MINCURV, GPCP-TREND and the 
p o i n t w i s e q u a d r a t i c methods GINOSURF and GH0T. More 
i m p o r t a n t l y , w i t h the e x c l u s i o n o f the v e r y low NNS data s e t s , 
no s i g n i f i c a n t c o r r e l a t i o n emerges between t h e ORIGINAL ERROR 
magnitude and any of the s u r f a c e o r data c h a r a c t e r i s t i c s . T h i s 
. i s an i n h e r e n t aspect o f the method, s i n c e a v a r i e t y o f 
f u n c t i o n s and data redundancy are i n v o l v e d f o r s o l v i n g each o f 
the patches (and t h e r e f o r e each o f the nodes) w i t h i n each o f 
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o f e r r o r . 
The p r e c i s i o n d e s c r i p t o r s show much s i m i l a r i t y w i t h those 
o f S7MAP. The TRIMMED MIN/MAX va l u e s (mean magnitude v a l u e -
9.95) are o n l y s u p e r i o r t o MINCURV, GPCP-TREND, GHOT and 
SYMAP, a l t h o u g h t h i s method has the l e a s t w i t h i n - m o d e l 
v a r i a n c e o f t h e i n d i v i d u a l v a l u e s . G r e a t e r c o n s i s t e n c y i s a l s o 
v e r y e v i d e n t w i t h i n KURTOSIS. The mean KDRTOSIS of 3.08 i s one 
of t he l o w e s t means achieved and has low v a r i a n c e across the 
f u l l range o f data s e t s . This i l l u s t r a t e s t h e near-normal 
d i s t r i b u t i o n o f e r r o r generated by BRAILE, e s p e c i a l l y i f i t i s 
remembered t h a t the TRIMMED l i m i t s o f the e r r o r d i s t r i b u t i o n 
are f a r a p a r t , which would tend t o m a r g i n a l l y i n c r e a s e d 
KURTOSIS. As w i t h SYMAP, t h i s emphasises t h a t t h e e r r o r 
g e n e r a t i o n process o f BRAILE must be c o n s i d e r e d a random 
p r o c e s s . 
I t i s t h e r e f o r e not s u r p r i s i n g t h a t t h e e r r o r - r e l a t e d 
c o r r e l a t i o n s are so low. The mean va l u e s f o r ERROR/NEAR 
( 0 . 0 5 8 ) , ERR0R/N0NN (0.013) and ERR0R/GRAD (0.162) a re some o f 
the l o w e s t encountered. I n a d d i t i o n , t h e r e i s c o n s i d e r a b l e 
v a r i a n c e w i t h i n the NEAR and NONN c o r r e l a t i o n s . This i s 
emphasised by the IN and OUT s t a t i s t i c s . W i t h t he e x c l u s i o n o f 
a few v e r y low NNS data s e t s , the IN and OUT v e r s i o n s o f a l l 
NEAR and NONN s t a t i s t i c s are comparable. However, t he IN-GRAD 
MEAN and 0UT-GRAD MEAN va l u e s show a weak y e t c o n s i s t e n t 
i n c r e a s e from IN t o OUT. A l l the f u n c t i o n s used w i t h i n BRAILE 
d e f i n e l o c a l s u r f a c e s . Where the l o c a l g r a d i e n t I s h i g h e r , t h e 
l o c a l s u r f a c e f u n c t i o n s are l i a b l e t o be i n e r r o r , w i t h e r r o r 
g e n e r a l l y r e l a t e d t o the magnitude of the g r a d i e n t . This i s 
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s u p p o r t e d by the low c o n s i s t e n t ERROR/GRAD c o r r e l a t i o n s . 
The o t h e r s t a t i s t i c s s u p p o r t the p r e v i o u s t h e o r y . E x c l u d i n g 
INCH-RIVER d a t a , a l l MEAN and MEDIAN v a l u e s have a magnitude 
l e s s than 0.6 and gener a t e mean v a l u e s o f 0.12 (MEAN) and 0.05 
(MEDIAN). SKEWNESS va l u e s are a l s o o f low magnitude. These 
would suggest t h a t t h e n o r m a l l y d i s t r i b u t e d random e r r o r i s 
near c e n t r a l l y d i s t r i b u t e d about 0.0. The accuracy s t a t i s t i c s 
r e f l e c t the c h a r a c t e r i s t i c s o f the p r e c i s i o n and s y s t e m a t i c 
e r r o r d e s c r i p t o r s . I n g e n e r a l , w i t h t h e e x c l u s i o n o f RIVER 
d a t a , t h e r e i s low w i t h i n - m o d e l v a r i a n c e , a l t h o u g h the mean 
v a l u e s are g r e a t e r than f o r most o t h e r methods (ABS MEAN -
2.88, STANDARD ERROR - 3.71). T h i s r e f l e c t s the random e r r o r 
component a s s o c i a t e d w i t h t h i s method and i s c l o s e l y l i n k e d 
w i t h the s e l e c t i o n o f such a l a r g e search area f o r each p a t c h , 
which tends t o smooth the f i n a l p r o d u c t . 
The o n l y a c c u r a c y / d a t a c h a r a c t e r i s t i c c o r r e l a t i o n t h a t 
seems i m p o r t a n t i s t h a t between accuracy and NNS ( 0 . 7 7 ) . 
C l e a r l y , where many p o i n t s are found w i t h i n a searched p a t c h , 
t h e r e s u l t a n t i n t e r p o l a t e d p o i n t s are c o n s t r a i n e d t o l i e 
w i t h i n a reasonable t o l e r a n c e o f the t r u e v a l u e . However, 
where t he number o f c o e f f i c i e n t s equals t h e number of p o i n t s 
found, e s p e c i a l l y i f the p o i n t s l i e i n a s m a l l c o r n e r o f the 
p a t c h , the r e s u l t a n t f i t i n the area o f i n t e r e s t s u r r o u n d i n g 
the nodes w i l l be poor. I t i s s u r p r i s i n g t h a t t h i s p o t e n t i a l 
c o r r e l a t i o n s h o u l d not be r e f l e c t e d I n ERROR/NEAR or 
ERROR/NONN c o r r e l a t i o n s . T h i s may be a r e s u l t o f the 
I n t e r p o l a t i o n b e i n g patchwise and thus any c o r r e l a t i o n s h o u l d 
>e r e l a t e d t o the whole p a t c h , r a t h e r than t o i n d i v i d u a l 
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p o i n t s i n Che p a t c h . Higher c o r r e l a t i o n s might t h e r e f o r e be 
o b t a i n e d i f t h e p a t c h s i z e was reduced and the number o f nodes 
e v a l u a t e d i n each p a t c h was reduced. S i m i l a r l y , f u r t h e r gross 
sources o f e r r o r c o u l d be minimised by p r o p o r t i o n a l l y 
i n c r e a s i n g t h e number o f p o i n t s r e q u i r e d f o r a p a r t i c u l a r 
o r d e r o f p o l y n o m i a l , s i n c e a g r e a t e r a v e r a g i n g e f f e c t would be 
o b t a i n e d . 
A major disadvantage o f patchwlse p o l y n o m i a l s , e s p e c i a l l y 
w i t h o u t some form o f s p l i n i n g a t the edges o f the patches ( t o 
ensure c o n t i n u i t y between p a t c h e s ) , i s t h a t - w h i l e t h e i r 
accuracy s t a t i s t i c s may l o o k reasonable - t h e m o r p h o l o g i c a l 
t r u e n e s s o f the f i n a l i s a r i t h m s may be poor and d i s t i n c t l y 
segmented (see F i g u r e 6.22). As w i t h the s i m i l a r e f f e c t 
produced by some p o i n t w i s e methods (e^>. GPCP), t h i s i s caused 
by c o n t i g u o u s patches o b t a i n i n g data p o i n t s from d i f f e r e n t 
m o r p h o l o g i c a l f e a t u r e s or p a r t s o f a f e a t u r e ; i t occurs m a i n l y 
i n areas of data v o i d s . For example (see F i g u r e 6.23), i f one 
pat c h i n c l u d e s p o i n t s o n l y a t the top o f a s l o p e , a h o r i z o n t a l 
l i n e a r s u r f a c e may r e s u l t . I f a c o n t i g u o u s p a t c h i n c l u d e s 
p o i n t s o n l y a t the bottom o f a s l o p e , a p a r a l l e l but lower 
l i n e a r s u r f a c e w i l l r e s u l t , w i t h a c l i f f i n between. This 
'PATCHWISE EFFECT' v a r i e s w i t h roughness and a l s o the r a t i o o f 
the wavelength of t h a t roughness t o the s i z e o f t h e search 
patch. Thus LIAN-BREAKLINE, w i t h a lower NNS but smoother 
s u r f a c e , produces a g r i d of good m o r p h o l o g i c a l t r u e n e s s . 
?ORV-BREAKLINE, w i t h a h i g h e r NNS y e t rougher s u r f a c e (see 
r e c t o r d i s p e r s i o n a n a l y s i s - Table 4.8), produces poor 
l o r p h o l o g i c a l t r u e n e s s . The maximum p o s s i b l e p a t c h w i s e e f f e c t 
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i t s e f f e c t may be c o n t r o l l e d by I n c r e a s i n g t h e s e a r c h p a t c h , 
e v e n t u a l l y g e n e r a t i n g a g l o b a l f i t . 
6.4 HYBRID METHODS 
6.4.1 MULTI 
T h e r e i s no d o u b t t h a t t h e most s t a t i s t i c a l l y a c c u r a t e 
r e s u l t s were p r o d u c e d by MULTI, t h e p r o g r a m w h i c h p e r f o r m s 
m u l t i q u a d r i c a n a l y s i s ( s e e T a b l e 6 . 1 6 ) . W h i l e o t h e r methods 
p e r h a p s g e n e r a t e o c c a s i o n a l l y s u p e r i o r r e s u l t s , MULTI 
c o n s i s t e n t l y i n t e r p o l a t e s h i g h a c c u r a c y r e s u l t s w i t h few 
p o o r l y e s t i m a t e d p o i n t s ( w h i c h o n l y o c c u r r e d w i t h t h e 
INCH-RIVER d a t a s e t ) . 
The b a s i c s u c c e s s o f t h i s m ethod, t h e n , l i e s i n i t s 
c o n s i s t e n c y . I n a d d i t i o n t o a v e r y l o w mean m a g n i t u d e ORIGINAL 
MIN/MAX v a l u e ( 1 1 . 4 3 ) , t h e i n d i v i d u a l v a l u e s f o r many d a t a 
s e t s a r e s u p e r i o r t o t h e e q u i v a l e n t TRIMMED v a l u e s f o r o t h e r 
m e t h o d s . E x c l u d i n g RIVER d a t a , t h e r e i s a v e r y l o w 
w i t h i n - m o d e 1 v a r i a n c e . 
The TRIMMED MIN/MAX v a l u e s behave s i m i l a r l y . The mean 
m a g n i t u d e ( 5 . 3 7 ) i s t h e l o w e s t a c h i e v e d f o r any method a n d, 
a g a i n w i t h t h e e x c l u s i o n o f RIVER d a t a , t h e i n d i v i d u a l v a l u e s 
show a r e m a r k a b l y l o w w i t h i n - m o d e l v a r i a n c e . Even w i t h s u c h a 
l o w d i s t r i b u t i o n r a n g e , t h e KURTOSIS s t a t i s t i c s (mean - 3.37) 
s u g g e s t a d e g r e e o f p e a k e d n e s s . Thus, n o t o n l y i s e r r o r 
c o n f i n e d t o a v e r y n a r r o w band b u t i t has a s t r o n g c e n t r a l 
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t e n d e n c y a r o u n d a MEAN w h i c h , l i k e t h e MEDIAN, has a g e n e r a l l y 
l o w m a g n i t u d e . The l o w e r r o r r e s u l t s have l i t t l e c o r r e l a t i o n 
w i t h any o f t h e s p e c i f i e d f e a t u r e s (mean ERROR/NONN - -0.110, 
mean ERROR/GRAD - 0 . 1 2 9 ) , a l t h o u g h r e l a t i v e l y s t r o n g 
ERROR/NEAR c o r r e l a t i o n s f o r a l l t h e GRID and RIVER d a t a s e t s 
r e s u l t i n a weak, y e t n o t i c e a b l e mean c o r r e l a t i o n ( 0 . 2 5 2 ) . 
The a c c u r a c y d e s c r i p t o r s show c o n s i s t e n c y w i t h t h e p r e v i o u s 
e r r o r s t a t i s t i c s . The mean ABS MEAN ( 1 . 7 3 ) and mean STANDARD 
ERROR ( 2 . 2 5 ) a r e n o t as d i s t i n c t as t h e p r e c i s i o n s t a t i s t i c s , 
and have a s i m i l a r m a g n i t u d e t o t h o s e o f KRIGE ( 1 . 7 3 and 2.27) 
and t o a l e s s e r e x t e n t SACM ( 1 . 8 8 and 2 . 4 9 ) . However, t h e y a r e 
d i s t i n c t l y s u p e r i o r t o t h o s e f r o m any o t h e r method and MULTI 
i s more r e l i a b l e ( s e e ORIGINAL MIN/MAX). W i t h t h e e x c l u s i o n o f 
RIVER d a t a , t h e r e i s a l o w w i t h i n - m o d e l v a r i a n c e . 
I r r e s p e c t i v e o f d a t a d i s t r i b u t i o n , MULTI p r o d u c e s good 
r e s u l t s , w h i c h i s a d i r e c t r e s u l t o f each d a t a p o i n t b e i n g 
h o n o u r e d . Each d a t a p o i n t has a q u a d r i c c e n t r e d on i t s e l f and 
f i t t e d t h r o u g h a l l o t h e r d a t a p o i n t s . T h u s , as has been shown 
w i t h GIN0SURF, good e s t i m a t i o n o c c u r s when a q u a d r i c i s f i t t e d 
o v e r a b r o a d a r e a o f I n t e r e s t , i n c l u d i n g a w i d e d i s p e r s i o n o f 
p o i n t s . 
Y e t , w h i l e t h e e r r o r s t a t i s t i c s may be s u p e r i o r , t h e 
r e s u l t a n t l s a r i t h m s g e n e r a t e d f r o m MULTI i n t e r p o l a t e d g r i d s do 
n o t m odel t h e s u r f a c e as w e l l as t h o s e f r o m S A C M - i n t e r p o l a t e d 
g r i d s . T h i s may be c o n s i d e r e d t o be a d i r e c t r e s u l t o f u s i n g a 
more g l o b a l method o f i n t e r p o l a t i o n , w h i c h must r e s u l t i n 
g r e a t e r s m o o t h i n g , s i n c e e v e r y d a t a p o i n t a f f e c t s t h e 
I n t e r p o l a t i o n o f e v e r y g r i d node. T h i s i s i l l u s t r a t e d i n 
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F i g u r e 6.24. Both F0RV-C0NT0UR ( s e e F i g u r e 6.20) and 
INCH-RIVER ( F i g u r e 6.21) p r o d u c e more r o u n d e d i s a r i t h m s t h a n 
t h e i r SACM e q u i v a l e n t s , i n a d d i t i o n t o m i n o r f e a t u r e s b e i n g 
p o o r l y d e f i n e d - f o r example t h e b o t t o m - r i g h t r i v e r v a l l e y 
m o d e l l e d by INCH-RIVER d a t a and t h e sand dune s u m m i t s i n t h e 
c e n t r e - and l o w e r - r i g h t o f t h e a r e a c o v e r e d by F0RV-C0NT0UR 
d a t a . 
6.5 GLOBAL METHODS 
6.5.1 GPCP-TREND 
T h e r e a r e numerous g l o b a l p o l y n o m i a l r a n d o m - t o - g r i d 
p r o g r a m s a v a i l a b l e . The 'TREND' r o u t i n e o f GPCP was cho s e n as 
I t was c o n s i d e r e d t h e most f l e x i b l e a v a i l a b l e ; i t a l l o w s 
i n t e r p o l a t i o n o f f i r s t - t o t e n t h - o r d e r o r t h o g o n a l p o l y n o m i a l s 
f r o m p o i n t d a t a . I n t h e o r y , h i g h e r , r a t h e r t h a n l o w e r , o r d e r 
s u r f a c e s s h o u l d y i e l d s u p e r i o r r e s u l t s ( W a l d e n , 1972, 4 4 ) , and 
t h e r e f o r e s e v e n t h - o r d e r s u r f a c e s were g e n e r a t e d . H i g h e r - o r d e r 
p o l y n o m i a l s c o u l d n o t be g e n e r a t e d a t NUMAC f r o m t h e s i z e o f 
d a t a samples used i n t h i s r e s e a r c h due t o i m p l e m e n t a t i o n 
l i m i t a t i o n s . 
I t i s a p p a r e n t f r o m T a b l e 6.17 t h a t t h e t h i r t y - s i x t e r m 
p o l y n o m i a l c a n n o t cope w i t h t h e d a t a s e t s so w e l l as any o f 
:he p r e v i o u s m e t h o d s , w i t h t h e p o s s i b l e e x c e p t i o n o f MINCURV. 
I n t e r p o l a t i o n e r r o r i s r e l a t e d t o d a t a s e t c h a r a c t e r i s t i c s i n 
i d d i t i o n t o model c h a r a c t e r i s t i c s . F or e x a m p l e , a l l n o n - z e r o 
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s o l e l y r e l a t e d t o one d a t a c h a r a c t e r i s t i c - GRID d a t a w i t h t h e 
h i g h e s t NNS has t h e second h i g h e s t %BAD v a l u e , w h e r e a s t h e l o w 
NNS RIVER d a t a s e t has a s t a g g e r i n g 3 1 .2% nodes n o t 
s a t i s f a c t o r i l y i n t e r p o l a t e d . 
The ORIGINAL and TRIMMED MIN/MAX s t a t i s t i c s u n d e r l i n e t h i s 
v a r i a b i l i t y . I n a d d i t i o n t o h a v i n g t h e s e c o n d h i g h e s t mean 
m a g n i t u d e s (ORIGINAL - 28.66, TRIMMED - 2 0 . 3 8 ) , t h e r e i s a 
h i g h w i t h i n - m o d e l v a r i a n c e w i t h a c o n s i s t e n t n e g a t i v e b i a s . 
U n l i k e most o t h e r m e t h o d s , LIAN-RIVER d a t a p r o d u c e 
s u r p r i s i n g l y good r e s u l t s , b u t t h e e q u i v a l e n t INCH d a t a s e t 
p r o d u c e p o o r r e s u l t s . The e x a c t o p p o s i t e e f f e c t was p r o d u c e d 
by t h e use o f SCATTER and GRID d a t a . 
The o t h e r p r e c i s i o n d e s c r i p t o r , KURTOSIS, behaves u n i q u e l y . 
W i t h s u c h a l a r g e TRIMMED ERROR r a n g e , i t w o u l d be e x p e c t e d 
h a t KURTOSIS w o u l d be i n c r e a s e d f r o m t h e p r e v i o u s m e t h o d s , 
however t h i s i s t h e o n l y i n t e r p o l a t i o n method w h i c h has a mean 
KURTOSIS v a l u e l e s s t h a n 3.0 ( 2 . 7 3 ) . T h i s s u g g e s t s a more even 
d i s t r i b u t i o n o f e r r o r o v e r t h e e r r o r r a n g e t h a n f o r a l l t h e 
p r e v i o u s m e t h o d s . 
The MEAN and MEDIAN s t a t i s t i c s s u p p o r t t h e p r e v i o u s t h e o r y 
c o n c e r n i n g a s t r o n g n e g a t i v e b i a s , a l t h o u g h t h i s i s h i g h l y 
v a r i a b l e w i t h i n each model and betwe e n m o d e l s . Use o f INCH and 
LIAN d a t a p r o d u c e s s e v e r a l r e s u l t s w i t h a s t r o n g n e g a t i v e b i a s 
omponent; however a l l r e s u l t s based on F0RV d a t a a r e s t r o n g l y 
P 
o s i t i v e l y b i a s s e d 
A l l t h e a c c u r a c y s t a t i s t i c s a r e s i m i l a r l y v a r i a b l e . T h e r e 
i b s t r o n g c o n s i s t e n c y w i t h i n t h e r e s u l t s f r o m t h e F0RV d a t a 
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s e t s , a l t h o u g h t h e LIAN and INCH models p r o d u c e a h i g h 
w i t h i n - m o d e l v a r i a n c e . I n a d d i t i o n , mean ABS MEAN ( 6 . 9 8 ) and 
mean STANDARD ERROR ( 8 . 6 0 ) a r e t h e sec o n d w o r s t e n c o u n t e r e d i n 
t h i s s t u d y . I m p o r t a n t l y , t h e r e i s no s i g n i f i c a n t r a n k 
c o r r e l a t i o n b e t w e e n NNS and any o f t h e a c c u r a c y d e s c r i p t o r s 
(STANDARD ERROR - 0 . 5 ) , a l t h o u g h a s t r o n g e r c o r r e l a t i o n e x i s t s 
w i t h v e c t o r d i s p e r s i o n a n a l y s i s and s u r f a c e a r e a a n a l y s i s . 
I 
T h e r e i s no d o u b t t h a t t h e e r r o r v a r i a b i l i t y e n c o u n t e r e d 
i 
w i t h i n t r e n d s u r f a c e f i t t i n g i s a s i g n i f i c a n t p r o b l e m , and 
p r e v e n t s a good a p p r e c i a t i o n o f e r r o r s o u r c e s . I t i s a p r o b l e m 
s i m i l a r t o t h a t e n c o u n t e r e d w i t h i n t h e p a t c h w i s e BRAILE method 
where i t was s u g g e s t e d t h a t t h e e r r o r v a r i a b i l i t y i n c r e a s e d 
w i t h p a t c h s i z e . W i t h i n GPCP-TREND, t h e p a t c h has been 
i n c r e a s e d t o c o v e r t h e w h o l e model a r e a , and t h e p o l y n o m i a l 
o r d e r has been s i m i l a r l y i n c r e a s e d . W h i l e t h i s l e a d s t o t h e 
c r e a t i o n o f few e x t r e m e e r r o r s , i t i s i m p o s s i b l e f o r t h e 
r e s u l t i n g i n few l o w e r r o r s and many m o d e r a t e e r r o r s - hence 
t h e s u b - n o r m a l KURTOSIS s t a t i s t i c s . 
The f u l l e f f e c t o f u s i n g a t r e n d s u r f a c e i s i l l u s t r a t e d i n 
f i g u r e 6.25. W h i l e no m a j o r d e p r e s s i o n s o r peaks e x i s t as i n 
GINOSURF and GHOT, t h e r e s u l t a n t I s a r i t h m s have v e r y l i t t l e 
j i i m i l a r i t y w i t h r e a l i t y where i r r e g u l a r s u r f a c e s e x i s t (e.g. 
rORV-CONTOUR). Not s u r p r i s i n g l y , some amount o f s i m i l a r i t y may 
lie a c h i e v e d i n m o d e l l i n g a more r e g u l a r s u r f a c e ( e ^ . 
MAN-CONTOUR) . 
o l y n o m i a l t o s a t i s f a c t o r i l y m odel c o m p l e x t o p o g r a p h y , 
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Figure 6.25 
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6.6 CONCLUSION 
T h r o u g h o u t t h e p r e v i o u s d i s c u s s i o n , t h e e m p h a s i s has been 
on d i s c o v e r i n g t h e s t a t i s t i c a l l y o p t i m u m method o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n f o r s p e c i f i c d a t a s e t s . However, 
o n l y i n a few c i r c u m s t a n c e s - f o r example i n m i n e r a l 
e x p l o r a t i o n - can o t h e r p r o c e s s i n g c o n s i d e r a t i o n s o f t h e s e 
methods be d i s r e g a r d e d . A d d i t i o n a l l y , t h e i m p o r t a n c e o f t h i s 
r e s e a r c h i s n o t p u r e l y i n e s t a b l i s h i n g t h e r e l a t i v e a c c u r a c i e s 
o f s p e c i f i c s i t u a t i o n s , b u t l i e s i n t h e p o s s i b l e p r e d i c t i o n o f 
t h e o p t imum method o f i n t e r p o l a t i o n f o r a g i v e n d a t a s e t . 
I n c o n c l u d i n g t h i s c h a p t e r , f o u r p r i m a r y a s p e c t s o f t h e 
i n t e r p o l a t i o n p r o c e s s w i l l be c o n s i d e r e d i n more d e p t h . The 
p r e v i o u s s t a t i s t i c a l r e s u l t s w i l l be s u m m a r i s e d and b r i e f l y 
e x a m i n e d f o r any t r e n d s . P r o c e s s i n g l i m i t a t i o n s w i l l be 
i n v e s t i g a t e d , p a r t i c u l a r l y w i t h r e f e r e n c e t o t h e memory 
r e q u i r e m e n t s o f each t e c h n i q u e , t h e c o m p l e x i t y o f t h e f o r m o f 
t h e i n p u t , and t h e r e q u i r e m e n t s o f p r o c e s s i n g t i m e and c o s t . 
An a t t e m p t w i l l be made t o a s s o c i a t e t h e s t a t i s t i c a l r e s u l t s 
w i t h t h e s u r f a c e and d a t a c h a r a c t e r i s t i c s . 
These f o u r p r i m a r y a s p e c t s f o r m a b a s i s f r o m w h i c h t h e 
g e n e r a l u s e r may d e c i d e on t h e o p t i m u m method f o r h i s 
s I t u a t i o n . 
6.6.1 Summary Of The S t a t i s t i c a l R e s u l t s 
The s t a t i s t i c a l r e s u l t s h a v e a l r e a d y b e e n a n a l y s e d i n 
c o n s i d e r a b l e d e t a i l . T h i s s e c t i o n a t t e m p t s p u r e l y t o s u m m a r i s e 
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t h e a n a l y s i s , and i s based on a c o n s i d e r a t i o n o f t h e m a j o r 
s t a t i s t i c a l d e s c r i p t o r s d i s c u s s e d e a r l i e r ( c o n s i s t e n c y , b i a s , 
p r e c i s i o n and a c c u r a c y ) . T a b l e 6.18 p r o v i d e s a r e l a t i v e 
summary o f a l l t h e methods f o r each o f t h e d e s c r i p t o r s . The 
methods have been g r a d e d i n t h e r a n g e 1 t o 5, t h e d i s t r i b u t i o n 
o f g r a d i n g s b e i n g n o r m a l i s e d : h i g h v a l u e s i n d i c a t e good 
p e r f o r m a n c e . An o v e r a l l p e r f o r m a n c e t o t a l has been 
s u b s e q u e n t l y d e r i v e d , a s s u m i n g each f a c t o r has t h e same 
w e i g h t . S u r p r i s i n g l y t h e r e i s a r e m a r k a b l e g r a d e c o n s i s t e n c y 
f o r each m e t h o d . 
The c o n s i s t e n c y measures (%BAD and TRIMMED MIN/MAX) a r e 
most a s s o c i a t e d w i t h i n t e r p o l a t i o n r a n g e and s e a r c h m e t h o d . 
C o n s i s t e n c y i s g e n e r a l l y e x c e l l e n t where p a t c h w i s e and h y b r i d 
methods o f I n t e r p o l a t i o n a r e u t i l i s e d . The i m p r o v e d s e a r c h 
r a n g e s , i n a s s o c i a t i o n w i t h a more r i g o r o u s I n t e r p o l a t i o n 
m e t h o d , e n s u r e t h a t e r r o r i s b e t t e r c o n s t r a i n e d i n d a t a v o i d s 
( l i m i t i n g e x t r e m e e r r o r s ) t h a n i n o t h e r m e t h o d s . Where s i m p l e 
p o i n t w i s e i n t e r p o l a t i o n i s u s e d , c o n s i s t e n c y i s d i r e c t l y 
r e l a t e d t o t h e s e a r c h method - i m p r o v i n g w i t h d i r e c t i o n a l i t y 
and s e a r c h d i s t a n c e (SURFACE I I GRAPHICS m e t h o d s ) . As more 
c o m p l e x p o i n t w i s e f u n c t i o n s a r e u t i l i s e d (GINOSURF, GHOT, 
KRIGE and MINCURV), t h e i n t e r p o l a t i o n method i s more 
s u s c e p t i b l e t o e x t r e m e s o f d a t a d i s t r i b u t i o n and s u r f a c e 
m o r p h o l o g y . 
The b i a s d e s c r i p t o r s (MEAN and MEDIAN) have been 
d r a m a t i c a l l y a f f e c t e d by INCH-RIVER d a t a and i l l u s t r a t e a 
p o l a r i s a t i o n w i t h model t y p e - r e s u l t s f r o m FORV d a t a a r e 
p r e d o m i n a t e l y n e g a t i v e l y b i a s s e d , t h o s e f r o m LIAN d a t a 
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S I I - N 2 4 3 3 3 15 8 
S I I - Q 3 4 4 . 4 4 19 4 = 
S I I - 0 3 5 3 3 4 18 6 = 
S I I - V 4 5 3 3 4 19 4 = 
GPCP 3 3 3 3 2 14 9 
SYMAP 4 2 2 2 3 13 10-
GINOSURF 3 4 4 4 3 18 6 = 
GHOT 2 1 2 2 2 9 12 
KRIGE 2 3 5 5 5 20 2-
MINCURV 1 1 1 1 1 5 14 
SACM 5 2 4 4 5 20 2 = 
BRAILE 4 3 2 2 2 13 10-
MULTI 5 3 5 5 3 21 1 
GPCP-7T 1 2 1 1 1 6 13 
T a b l e 6.18 Summary o f t h e s t a t i s t i c a l r e s u l t s o f t h e v a r i o u s 
i n t e r p o l a t i o n m e t h o d s . 
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p r e d o m i n a t e l y p o s i t i v e l y b i a s s e d , and t h o s e f r o m INCH d a t a 
b e i n g v a r i a b l e . However, i f a mean i s e s t a b l i s h e d f o r each 
m e t h o d , i t i s a p p a r e n t t h a t t h e s i m p l e r f u n c t i o n s a r e most 
s u c c e s s f u l . T h i s i s n o t s u r p r i s i n g s i n c e , once e x t r e m e e r r o r s 
have been removed by u s i n g t r i m m e d d i s t r i b u t i o n s , t h e s i m p l e r 
d a t a a v e r a g i n g methods (SURFACE I I GRAPHICS m e t h o d s ) s h o u l d be 
most r e p r e s e n t a t i v e o f t h e s u r f a c e , a s s u m i n g a good 
d i s t r i b u t i o n o f d a t a p o i n t s i s used ( n o t e t h e i m p r o v e m e n t w i t h 
t h e OCTANT and VRADIUS m e t h o d s ) . More c o m p l e x f u n c t i o n s a r e 
much more s u s c e p t i b l e t o e x t r e m e s o f d a t a d i s t r i b u t i o n . 
The p r e c i s i o n (TRIMMED MIN/MAX and KURTOSIS) and a c c u r a c y 
(STANDARD ERROR, ABS MEAN, ABS MEDIAN, SURFACE CORRELATION) 
s t a t i s t i c s may be c o n s i d e r e d t o g e t h e r s i n c e , as a r e s u l t o f 
t h e g e n e r a l l y l o w m a g n i t u d e s y s t e m a t i c e r r o r , t h e y a r e s i m i l a r . 
Once a g a i n , t h e s i m p l e r f u n c t i o n s have p e r f o r m e d m o d e r a t e l y 
w e l l . The e l i m i n a t i o n o f t h e t r i m m e d e x t r e m e e r r o r s has 
i m p r o v e d t h e p o s i t i o n o f t h e more s p e c i a l i s e d f u n c t i o n s , f o r 
example GINOSURF and KRIGE: ho w e v e r , t h e methods w h i c h 
g e n e r a t e a l a r g e amount o f random n o i s e (GPCP-TREND, SYMAP and 
BRAILE) have r e m a i n e d r e l a t i v e l y c o n s t a n t w h i l e t h e o t h e r 
methods have i m p r o v e d . GPCP-TREND, SYMAP and BRAILE c o n t i n u e 
t o g e n e r a t e i n t e r p o l a t i o n n o i s e i n a r e a s where a good 
i n t e r p o l a t i o n i s p o s s i b l e , t h o u g h f o r v e r y d i f f e r e n t r e a s o n s . 
The m o r p h o l o g i c a l t r u e n e s s i s more d i f f i c u l t t o measure 
q u a n t i t a t i v e l y w i t h o u t p e r f o r m i n g a c o m p l e x and d e t a i l e d 
e x a m i n a t i o n - see t h e e v a l u a t i o n o f t h e m u 1 t i q u a d r i c 
i n t e r p o l a t e d g r i d s i n C h a p t e r 7. I n g e n e r a l , and e x c l u d i n g t h e 
methods w h i c h g e n e r a t e s t r o n g , d i s t i n c t i v e p a t t e r n s (e.g. t h e 
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QUADRATIC EFFECT, t h e LINEAR BLOCK ISARITHM EFFECT and t h e 
PATCHWISE EFFECT^ s u p e r i o r m o r p h o l o g i c a l t r u e n e s s o c c u r s w i t h 
t h e more l o c a l i s e d p o i n t w i s e methods and t h o s e more c o m p l e x 
f u n c t i o n s w h i c h pay more a t t e n t i o n t o l o c a l i s e d t r e n d s - e,g . 
KRIGE and SACM. The more g l o b a l f u n c t i o n s , w h i c h u t i l i s e a 
w i d e s e a r c h t o d e t e r m i n e w h i c h d a t a p o i n t s t o use i n t h e 
i n t e r p o l a t i o n , t e n d t o o v e r - s m o o t h t h e r e s u l t a n t g r i d due t o 
t h e w i d e s p h e r e o f i n f l u e n c e o f each d a t a p o i n t . T h i s need n o t 
n e c e s s a r i l y be a d i s a d v a n t a g e , and may be an a d v a n t a g e i n 
c e r t a i n c ases ( s e e 2 . 2 ) . 
The o v e r a l l p e r f o r m a n c e t o t a l , w h i l e p e r h a p s n o t 
e m p h a s i s i n g t h e d i s t i n c t s u p e r i o r i t y o f t h e b e t t e r 
i n t e r p o l a t o r s due t o t h e g r a d i n g p r o c e s s u s e d , p r o v i d e s a good 
' r u l e - o f - t h u m b ' t o t h e o p t i m u m i n t e r p o l a t i o n m e t h o d s . C l e a r l y 
MINCURV, GPCP-TREND and GHOT must be d i s c o u n t e d as op t i m u m 
i n t e r p o l a t o r s f o r t o p o g r a p h i c d a t a . The p o o r c o n t r o l o v e r t h e 
i n t e r p o l a t i o n f u n c t i o n and d a t a r e q u i r e m e n t s f o r GHOT, and t h e 
o v e r - s m o o t h i n g o f t h e MINCURV and GPCP-TREND methods have been 
m a g n i f i e d by t h e v a r i a b l e d a t a p o i n t d i s t r i b u t i o n and t h e 
s u r f a c e r o u g h n e s s e n c o u n t e r e d . The s p e c i a l i s e d methods w h i c h 
pay p a r t i c u l a r i m p o r t a n c e t o h o n o u r i n g t h e d a t a p o i n t s a r e 
most s u c c e s s f u l (KRIGE, SACM and MULTI). GINOSURF and MULTI 
a l s o u n d e r l i n e t h e s u c c e s s o f u s i n g q u a d r a t i c f u n c t i o n s , i n 
w h i c h t h e p r o c e s s may be l o c a l l y c o n s t r a i n e d by u s i n g a w i d e 
d i s t r i b u t i o n o f d a t a p e r i n d i v i d u a l i n t e r p o l a t i o n . F i n a l l y , 
t h e c o n s i s t e n t t h o u g h m o d e r a t e s u c c e s s o f u s i n g s i m p l e d a t a 
a v e r a g i n g i s shown when a b a l a n c e d s e a r c h p r o c e d u r e i s 
u t i l i s e d . 
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6-6.2 P r o c e s s i n g Co n s i d e r a t i o n s 
W h i l e t h e m a j o r c o n s i d e r a t i o n i n c o m p a r i n g i n t e r p o l a t i o n 
methods i s on t h e q u a l i t y o f t h e r e s u l t a n t p r o d u c t , v e r y o f t e n 
t h e a c t u a l l o g i s t i c s o f r u n n i n g and a c c e s s i n g t h e p r o g r a m s 
must be c o n s i d e r e d . A m a j o r l i m i t a t i o n i s v e r y o f t e n t h e 
memory r e q u i r e m e n t s o f a s p e c i f i c p r o g r a m , s i n c e s m a l l 
n o n - v i r t u a l s y s t e m s may n o t be a b l e t o cope w i t h l a r g e t a s k 
s i z e s s u c c e s s f u l l y . The p r o c e s s i n g t i m e may a l s o be a s e v e r e 
l i m i t a t i o n i f t h e p r o c e s s i s t o be p e r f o r m e d many t i m e s , 
a l t h o u g h i f t h e i n t e r p o l a t i o n i s a ' o n e - o f f i t s h o u l d be o f 
l e s s i m p o r t a n c e . A d d i t i o n a l r e q u i r e m e n t s , p e r h a p s i n v o l v i n g 
p r e - p r o c e s s i n g , must be c o n s i d e r e d i n c o n j u n c t i o n w i t h b o t h 
t h e s e a s p e c t s . These c o n s i d e r a t i o n s may be s u m m a r i s e d i n t e r m s 
o f c o s t . W h i l e i t i s u n l i k e l y t h a t t h i s w o u l d be a c o n t r o l l i n g 
f a c t o r , i t may be o f i m p o r t a n c e i f use o f a b u r e a u f a c i l i t y 
was b e i n g c o n t e m p l a t e d . 
Summary s t a t i s t i c s f o r r u n n i n g each r a n d o m - t o - g r i d 
i n t e r p o l a t i o n method have been d e r i v e d and a r e p r e s e n t e d i n 
T a b l e s 6.19 and 6.20- The s t a t i s t i c s r e p r e s e n t t h o s e f o r t h e 
FORV-SCATTER d a t a ( a p p r o x i m a t e l y 300 p o i n t s ) , a l t h o u g h t h e s e 
a r e c o n s i s t e n t w i t h most o f t h e o t h e r d a t a s e t s . The 
s t a t i s t i c s ( T a b l e 6 . 1 9 ) , w i t h t h e e x c l u s i o n o f SACM, SURFACE 
I I GRAPHICS and KRIGE, r e p r e s e n t t h o s e q u o t e d a t NUMAC f o r t h e 
IBM 370/168. A p p r o x i m a t e c o m p a r a b l e e s t i m a t e s have been 
e s t a b l i s h e d f o r t h e o t h e r p a c k a g e s w h i c h were r u n on e x t e r n a l 
s i t e s . These s t a t i s t i c s do n o t i n c l u d e c o s t s i n r e s p e c t o f 
d a t a I/O, p r i n t e r and p l o t t e r u s a g e , f i l e s t o r a g e and e l a p s e d 
t i m e . However, t h e c o s t s o f c o m p i l i n g p r i v a t e p r o g r a m s and 
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Package Main Run Associated Total 
Memory Time Memory Time Memory Time 
SURFACE I I 9 .8 9.5 9.8 9. 5 
GPCP 16.37 10.55 2.12 4-14 18.49 14. 69 
SYMAP 10.05 8.51 1.83 4.09 11.88 12. 60 
GINOSURF 15.90 13.48 0.68 0.84 16.58 14. 32 
GHOT 24.83 34.96 3.32 2.19 28.15 37. 15 
KRIGE 280.00 255.00 280.00 255. 00 
MINCURV 3.35 4.86 18.63 9.41 21.98 14. 27 
SACM 14.30 11.50 14.30 11. 50 
BRAILE 5.20 5.22 6.67 3.90 11.87 9. 12 
MULTI 278.59 76.77 1.30 1.17 279.89 77. 94 
GPCP-TREND 19.03 12.33 2.12 4.14 21.15 16. 47 
Table 6.19 CPU time (seconds) and v i r t u a l memory (page/minute) 
requirements for random-to-grid programs. 
Package Main Run Associated 
Memory Time Memory Ti me Total Cost 
S I I G 2 .8 256.5 259 
GPCP 4.2 284.9 1.4 112. 0 402 
SYMAP 3.2 229.8 1.2 110. 4 345 
GINOSURF 3.2 364.0 2.2 22. 7 392 
GHOT 1.9 943.9 4.1 59. 1 1009 
KRIGE 3.0 6885.0 6888 
MINCURV 1.9 131.2 5.3 254. 1 393 
SACM 3.4 310.5 314 
BRAILE 2 .7 140.9 4.6 105. 0 254 
MULTI 9.8 2 072 .8 3.0 31. 6 2117 
GPCP-TREND 4.2 332.9 1.4 111. 8 450 
Table 6.20 Run costs ( in pence) for random-to-grid in te rpo la t ion . 
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d a t a I/O r e f o r m a t i n g ( f o r GPCP and SYMAP) a r e i n c l u d e d w i t h i n 
a s s o c i a t e d c o s t s . The r u n s t a t i s t i c s have been c o n v e r t e d i n t o 
c o s t s ( i n p e n c e ) as based on NUMAC c o m m e r c i a l r a t e s ( s e e T a b l e 
6 . 2 0 ) . 
I n g e n e r a l , t h e c o s t s ( T a b l e 6.20) a r e h i g h l y v a r i a b l e . The 
m a j o r i t y o f packages c o s t i n t h e r e g i o n o f 350p p e r r u n . 
However, by f a r t h e l a r g e s t c h a r g e s r e f e r t o GHOT, MULTI and 
KRIGE. From t h e p r e v i o u s d i s c u s s i o n , i t i s a p p a r e n t t h a t 
n e i t h e r GHOT n o r KRIGE j u s t i f i e s t h e expense f r o m t h e i r 
p e r f o r m a n c e s ; however MULTI c a n n o t be d i s r e g a r d e d so e a s i l y . 
C l e a r l y , a s p e c t s o f t h e d a t a and t h e r e q u i r e d r e s u l t a n t g r i d 
a c c u r a c i e s must be c a r e f u l l y e x a m i n e d b e f o r e a d e c i s i o n t o use 
e i t h e r MULTI o r SACM ( 1 2 % o f t h e c o s t o f MULTI) i s made. 
I f t h e c o s t s a r e ex a m i n e d and b r o k e n down I n t o t h e i r 
c o n s t i t u e n t p a r t s , a d d i t i o n a l c o n s i d e r a t i o n s must be made. 
BRAILE and MINCURV i n c u r s u b s t a n t i a l c o s t s o f c o m p i l a t i o n o f 
FORTRAN s o u r c e , w h i c h - i f t h e p r o g r a m were used r e g u l a r l y 
w o u l d n o t be r e q u i r e d , s i n c e t h e c o m p i l e d p r o g r a m w o u l d be 
s t o r e d . I f t h e s e c o s t s a r e removed, t h e t o t a l c o s t s w o u l d be 
a p p r o x i m a t e l y 150p - a v e r y a t t r a c t i v e p r o p o s i t i o n i f a 
s u i t a b l e d a t a s e t i s b e i n g u s e d . A l t e r n a t i v e l y , some p r o g r a m s 
r e q u i r e e x c e s s i v e amounts o f CPU memory, w h i c h may p r o v e 
r e s t r i c t i v e I n s m a l l e r c o m p u t e r s . U n f o r t u n a t e l y , t h e maximum 
c a p a c i t y used c o u l d n o t be d e r i v e d a t r u n - t i m e . However, s i n c e 
1 MTS page i s e q u i v a l e n t t o 4096 b y t e s , a p p r o x i m a t e v i r t u a l 
memory s i z e s may be e s t a b l i s h e d - MULTI ( 1 . 5 m b y t e s ) , GPCP and 
GINOSURF ( 4 0 0 k b y t e s ) , SACM ( 3 0 0 k b y t e s ) , BRAILE ( 2 4 0 k b y t e s ) and 
GHOT ( 1 7 0 k b y t e s ) . 
RANDOM-TO-GRID INTERPOLATION 
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On t h e b a s i s o f t h e s e r e s u l t s , s e r i o u s c o n s i d e r a t i o n must 
be g i v e n by p o t e n t i a l u s e r s as t o w h e t h e r t h e r e q u i r e d 
a c c u r a c y o r d a t a c h a r a c t e r i s t i c s w a r r a n t use o f a c e r t a i n 
p ackage and t o w h e t h e r c e r t a i n d a t a s i z e s o r CPU r e s t r i c t i o n s 
w i l l p e r m i t i t t o be r u n i n t h e l o c a l c o m p u t e r e n v i r o n m e n t . 
For e x a m p l e , t h o u g h BRAILE and MINCURV a r e o n l y a t t r a c t i v e 
where w e l 1 - d i s t r i b u t e d d a t a e x i s t and SACM and SURFACE I I 
GRAPHICS a r e p a r t i c u l a r l y a t t r a c t i v e where t h e d a t a a r e p o o r l y 
d i s t r i b u t e d , r e l i a n c e on MULTI may be n e c e s s a r y I n cases o f 
e x t r e m e d a t a d i s t r i b u t i o n p r o b l e m s . 
6.6.3 S u r f a c e C h a r a c t e r i s t i c C o n s i d e r a t i o n s 
For t h e p u r p o s e s o f b e i n g a b l e t o p r e d i c t t h e s u c c e s s o f 
t h e v a r i o u s r a n d o m - t o - g r i d i n t e r p o l a t i o n methods f o r any d a t a 
s a m p l e , summary s t a t i s t i c s f o r each i n t e r p o l a t i o n method were 
c o r r e l a t e d w i t h summary s t a t i s t i c s f r o m t h e s u r f a c e 
c h a r a c t e r i s t i c e x a m i n a t i o n ( s e e T a b l e 6 . 2 1 - 6 . 2 3 ) . T h r e e 
summary i n t e r p o l a t i o n s t a t i s t i c s were e x a m i n e d t o c o n s i d e r t h e 
p o s s i b l e p r e d i c t i o n o f : 
a. i n t e r p o l a t i o n c o n s i s t e n c y (%BAD); 
b. i n t e r p o l a t i o n s y s t e m a t i c e r r o r (MEAN ERROR); 
c. i n t e r p o l a t i o n a c c u r a c y (STANDARD ERROR). 
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a. t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n ( t h e v e c t o r 
s t a t i s t i c ) ; 
b. a r e a l a u t o c o r r e l a t i o n ( t h e c u r v e decay d i s t a n c e when 
t h e f u n c t i o n i s 0 . 7 0 7 ) ; 
c. s u r f a c e a r e a a n a l y s i s ( g r i d m e d i a n ) ; 
d. s u r f a c e a r e a a n a l y s i s ( p o i n t m e d i a n ) ; 
e. v e c t o r d i s p e r s i o n a n a l y s i s ( t h e 'V s t a t i s t i c ) ; 
f . p o i n t w i s e p o l y n o m i a l (mean a l t i t u d e ) ; 
g. p o i n t w i s e p o l y n o m i a l ( s t a n d a r d d e v i a t i o n o f 
g r a d i e n t ) ; 
h. p o i n t w i s e p o l y n o m i a l ( s t a n d a r d d e v i a t i o n o f p r o f i l e 
c o n v e x ! t y ) ; 
i . p o i n t w i s e p o l y n o m i a l ( s t a n d a r d d e v i a t i o n o f p l a n 
RANDOM-TO-GRID I N T E R P O L A T I O N 
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c o n v e x i t y ) . 
Though many o t h e r s u r f a c e c h a r a c t e r i s t i c s t a t i s t i c s were 
e x a m i n e d , t h e m a j o r i t y were d i s r e g a r d e d g i v i n g t h i s i m p o r t a n t , 
y e t r e p r e s e n t a t i v e , s a m p l e . 
From t h e r e s u l t a n t P e a r s o n ' s p r o d u c t moment c o e f f i c i e n t s o f 
c o r r e l a t i o n , v a r i o u s c o n c l u s i o n s may be made w h i c h a r e 
s u p p o r t e d by a few r a n d o m l y s e l e c t e d s c a t t e r g r a m s ( F i g u r e 
6.26-28). 
a- T h e r e a r e no i m p o r t a n t c o r r e l a t i o n s b e t w e e n 
c o n s i s t e n c y o f i n t e r p o l a t i o n and t h e s u r f a c e 
c h a r a c t e r i s t i c s . W h i l e t h i s may be a f e a t u r e o f t h e 
a s s o c i a t i o n b e t w e e n t h e v a r i a b l e s ( p e r h a p s v a r i a b l e 
a s s o c i a t i o n f o r each model s u r f a c e - see F i g u r e 6 . 2 6 b ) , i t 
i s more l i k e l y c a u s e d by t h e h i g h number o f z e r o - c a s e %BAD 
v a l u e s - any d i s t r i b u t i o n t r u n c a t e d a t a f i x e d v a l u e ( s e e 
F i g u r e 6.26a) i s l i k e l y t o cause p r o b l e m s i n e v a l u a t i n g a 
h i g h c r o s s - c o r r e l a t i o n w i t h a n o t h e r d i s t r i b u t i o n . 
b. T h e r e a r e no s i g n i f i c a n t c o r r e l a t i o n s b e t w e e n 
s y s t e m a t i c e r r o r and t h e s u r f a c e c h a r a c t e r i s t i c s . 
I n t e r e s t i n g c o r r e l a t i o n s do o c c u r w i t h t h e 
a r e a l - a u t o c o r r e l a t i o n and more i m p o r t a n t l y t h e 
c o n v e x i t y - b a s e d c o r r e l a t i o n s . However, t h e most i m p o r t a n t 
c o r r e l a t i o n s a r e w i t h a l t i t u d e ( F i g u r e 6.27a shows 
s u r p r i s i n g l y good c o r r e l a t i o n s t r e n g t h f o r INCH and LIAN 
m a r r e d by a much p o o r e r FORV c o r r e l a t i o n ) . As m e n t i o n e d 






a) Two dimensional a u t o c o r r e l a t i o n againstGPCP-%BAD 
b) . Two-dimensional a u t o c o r r e l a t i o n a g a i n s t KRIGE-%BAD 
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a) Mean attitude against GPCP-MEAN 
b) NNS against GPCP-MEAN 












b) Two- dimensional autocorrelation against GPCP-STANDARD ERROR 
Figure 6.28 Scattergrams of accur a c y ^ c h a r a c t e r i s t i c s . 
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and t h e i n t e r p o l a t i o n methods w h i c h p r o d u c e most random 
n o i s e - SYMAP, BRAILE and GPCP-TREND. 
c. T h e r e a r e s e v e r a l s i g n i f i c a n t c o r r e l a t i o n s b e t w e e n 
a c c u r a c y and t h e s u r f a c e c h a r a c t e r i s t i c s - most n o t i c e a b l y 
w i t h t h e s u r f a c e a r e a a n a l y s e s , v e c t o r d i s p e r s i o n a n a l y s i s 
and g r a d i e n t - I m p o r t a n t l y , t h e s e a r e a l l a s s o c i a t e d w i t h 
t h e f i r s t d e r i v a t i v e o f a l t i t u d e , and i t i s t h e r e f o r e n o t 
s u r p r i s i n g t h a t t h e y a r e most h i g h l y c o r r e l a t e d w i t h t h e 
i n t e r p o l a t i o n methods w h i c h u t i l i s e l o c a l l i n e a r s l o p e s . 
T h i s s u g g e s t s t h a t i n t e r p o l a t i o n a c c u r a c y i s d i r e c t l y 
r e l a t e d t o b o t h t h e m a g n i t u d e and t h e d i s t r i b u t i o n o f 
s u r f a c e g r a d i e n t . I n c o n t r a s t , t h e s u r f a c e c h a r a c t e r i s t i c s 
b ased on t h e se c o n d d e r i v a t i v e o f a l t i t u d e - t h o s e based on 
t h e t r a n s i t i o n o f l o c a l s u r f a c e g r a d i e n t s ( t h e 
a u t o c o r r e l a t i o n and c o n v e x i t y c h a r a c t e r i s t i c s ) - p e r f o r m 
l e s s w e l l as p r e d i c t o r s ( s e e F i g u r e 6.28b - s e v e r a l 
o u t l i e r s f o r each m o d e l } e s p e c i a l l y FORVj have c o m b i n e d 
w i t h h i g h c r o s s - m o d e l v a r i a n c e t o g i v e a p o o r g l o b a l 
c o r r e l a t i o n ) . I t must be c o n c l u d e d t h a t s l o p e d i s t r i b u t i o n 
and m a g n i t u d e a r e more i m p o r t a n t t h a n s l o p e t r a n s i t i o n f o r 
p r e d i c t i n g i n t e r p o l a t i o n p e r f o r m a n c e s . 
A n o t h e r a p p r o a c h i s t o s t u d y t h e r e a c t i o n s o f t h e 
i n d i v i d u a l m odel s u r f a c e s t o p a r t i c u l a r i n t e r p o l a t i o n methods 
by c o n s i d e r i n g t h e mean c o n s i s t e n c y , p r e c i s i o n , a c c u r a c y and 
b i a s s t a t i s t i c s f o r each s u r f a c e . I n d i v i d u a l m odel means were 
g e n e r a t e d f r o m each o f t h e r e l e v a n t d a t a s e t s f o r each o f t h e 
i n t e r p o l a t i o n methods f o r c o n s i s t e n c y (ORIGINAL MIN/MAX), 
RANDOM-TO-GRID INTERPOLATION 
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p r e c i s i o n (KURTOSIS), a c c u r a c y (STANDARD ERROR) and b i a s 
(MEAN). F o r b i a s , t h e RIVER v a l u e s were o m i t t e d f o r INCH and 
LIAN s i n c e t h e y a r e i n h e r e n t l y s t r o n g l y n e g a t i v e l y b i a s s e d . 
The r e s u l t s a r e sum m a r i s e d i n T a b l e 6.24. 
S e v e r a l g e n e r a l c o n c l u s i o n s may be drawn f r o m T a b l e 6.24 i n 
r e l a t i o n t o t h e g e n e r a l s u c c e s s o f r a n d o m - t o - g r i d 
i n t e r p o l a t i o n . 
a- F l a t a n d / o r smooth d a t a s u r f a c e s ( a s d e s c r i b e d by 
s u r f a c e a r e a a n a l y s i s , v e c t o r d i s p e r s i o n a n a l y s i s and 
p o i n t w i s e p o l y n o m i a l - g r a d i e n t ) p r o d u c e h i g h e r a c c u r a c y and 
c o n s i s t e n c y s t a t i s t i c s t h a n do r o u g h e r d a t a s u r f a c e s . 
b. S u r f a c e s w i t h c o n s i d e r a b l e m i c r o - r e l i e f (e.g. 
r e p r e s e n t e d by t h e FORV d a t a ) p r o d u c e h i g h e r p r e c i s i o n 
s t a t i s t i c s - M i c r o - r e l i e f s u r f a c e s ( a s d e l i n e a t e d by a r e a l 
a u t o c o r r e l a t i o n ) r e s u l t i n g e n e r a l l y l o w e r e r r o r due t o t h e 
g l o b a l s m o o t h n e s s o f t h e s u r f a c e , a l t h o u g h t h e l o c a l 
n u ances may r e s u l t i n a few e x t r e m e s w h i c h t e n d t o i n c r e a s e 
KURTOSIS. 
c. W h i l e t h e smooth s u r f a c e s , w h i c h g e n e r a l l y have l o w 
a s s o c i a t e d i n t e r p o l a t i o n e r r o r , e x h i b i t c o n s i s t e n t s t r o n g 
p o s i t i v e (FORV) and n e g a t i v e ( L I A N ) b i a s , t h e r o u g h 
m a c r o - f e a t u r e d s u r f a c e (INCH) e x h i b i t s more v a r i a b l e b i a s , 
and t h e r e f o r e may be c o n s i d e r e d a s u p e r i o r i n d i c a t o r o f t h e 
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I n a d d i t i o n , more s p e c i f i c c o n c l u s i o n s may be d r a w n . 
a- A l l s u r f a c e s a r e c o n s i s t e n t l y i n t e r p o l a t e d w i t h i n 
SURFACE I I GRAPHICS, i r r e s p e c t i v e o f t h e s e a r c h method 
u s e d , u n l e s s t o o much d i r e c t i o n a l i t y i s a p p l i e d . 
b. Where an o c t a n t s e a r c h i s a p p l i e d (OCTANT, KRIGE), 
FORV d a t a a r e more s u s c e p t i b l e t o a d e c r e a s e i n a c c u r a c y o r 
c o n s i s t e n c y . T h i s i s p e r h a p s a d i r e c t r e s u l t o f t h e 
n o n - i s o t r o p i c n a t u r e o f t h e s u r f a c e , w h i c h has a r a p i d 
d e c a y i n a u t o c o r r e l a t i o n i n t h e E-W d i r e c t i o n , and a s l o w e r 
d e c a y i n t h e N-S d i r e c t i o n . 
c. GPCP i s an a c c u r a t e i n t e r p o l a t o r f o r p l a n a r s u r f a c e s 
( L I A N d a t a ) . Where t h e s u r f a c e d i s p l a y s e i t h e r m i c r o - o r 
macro-roughness, t h e i n t e r p o l a t i o n I s g e n e r a l l y good, 
a l t h o u g h s h a r p m o r p h o l o g i c a l f e a t u r e s may cause s e r i o u s 
p r o b l e m s • 
d. The q u a d r a t i c p o i n t w i s e methods (GINOSURF and GHOT) 
a r e n o t s u i t e d t o smooth l i n e a r s u r f a c e s ( t h o s e w i t h h i g h 
t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n - e.g. L I A N ) . They p e r f o r m 
b e t t e r i n m i c r o - and m a c r o - r o u g h s u r f a c e s (FORV and L I A N ) 
where s u r f a c e i r r e g u l a r i t i e s s u i t t h e p a r a b o l i c n a t u r e o f 
t h e f u n c t i o n . 
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e. KRIGE, w h i c h i s based on c o n s i d e r i n g c o r r e l o g r a m s 
g e n e r a t e d f r o m Che d a t a , i s more s u i t e d t o t h e s u r f a c e s 
w i t h s l o w a u t o c o r r e l a t i o n decay ( a s i n INCH and LIAN d a t a ) 
and u n s u i t e d t o t h o s e w i t h r a p i d d e c a y i n a u t o c o r r e l a t i o n 
(e^g. FORV d a t a ) . 
f - S i m i l a r l y , t h e p s e u d o - s p l i n i n g MINCURV method i s a 
good i n t e r p o l a t o r o f smooth ( a s d e l i n e a t e d by s u r f a c e a r e a 
a n a l y s i s , v e c t o r d i s p e r s i o n a n a l y s i s and p o i n t w i s e 
p o l y n o m i a l - g r a d i e n t ) s u r f a c e s ( e ^ . FORV d a t a ) and i s 
c e r t a i n l y n o t s u i t e d t o use w i t h r o u g h s u r f a c e s . 
g. I n a d d i t i o n , t h e methods w h i c h u t i l i s e e x t e n s i v e 
p a t c h w i s e and g l o b a l l o w - o r d e r p o l y n o m i a l s , and t h u s p r o d u c e 
i n h e r e n t l y smooth i n t e r p o l a t e d s u r f a c e s , a r e n o t s u i t e d t o 
r o u g h s u r f a c e s b u t a r e more s u i t e d t o smooth s u r f a c e s . 
h. Where s u p e r i o r i n t e r p o l a t o r s a r e used ( e ^ j . SACM and 
MULTI), t h e more v a r i a b l e s u r f a c e s i m p r o v e most and t h e 
l e s s v a r i a b l e s u r f a c e s , w h i c h have l e s s scope f o r 
i m p r o v e m e n t , a r e i m p r o v e d t o a l e s s e r e x t e n t . 
6.4 Data C o n s i d e r a t i o n s 
As f o r s u r f a c e c h a r a c t e r i s t i c c o n s i d e r a t i o n s , t h e 
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c o n s i s t e n c y , s y s t e m a t i c e r r o r and a c c u r a c y summary s t a t i s t i c s 
f o r each i n t e r p o l a t i o n method were c o r r e l a t e d w i t h t h e NNS f o r 
ea c h d a t a s e t ( s e e T a b l e 6.21-6.23 and F i g u r e s 6.27 and 6.28) 
i n an a t t e m p t t o p r e d i c t t h e s u c c e s s o f t h e v a r i o u s 
r a n d o m - t o - g r i d i n t e r p o l a t i o n methods f o r any d a t a s a m p l e . From 
t h e r e s u l t s , v a r i o u s c o n c l u s i o n s may be made. 
a. No s i g n i f i c a n t c o r r e l a t i o n s e x i s t b e t w e e n %BAD and 
NNS, a l t h o u g h t h e r e i s a r e l a t i v e l y c o n s i s t e n t -0-45 (mean) 
c o r r e l a t i o n w h i c h i s t h e most i m p o r t a n t %BAD c o r r e l a t i o n 
e n c o u n t e r e d . As w i t h s u r f a c e c h a r a c t e r i s t i c s , t h i s may be a 
d i r e c t r e s u l t o f t h e h i g h number o f z e r o case ZBAD v a l u e s . 
b. No i m p o r t a n t c o r r e l a t i o n e x i s t s b e t w e e n MEAN ERROR 
and NNS. F i g u r e 6.27 shows t h e d i s p e r s e d n a t u r e o f t h e 
NNS/GPCP-MEAN s c a t t e r g r a m as a g a i n s t t h e s t r o n g e r 
c o r r e l a t i o n and more l i n e a t e d n a t u r e o f t h e mean 
altitude/GPCP-MEAN s c a t t e r g r a m ( d i s c u s s e d i n t h e p r e v i o u s 
s e c t i o n as b e i n g a s u p e r i o r p r e d i c t o r ) . 
c- A v e r y h i g h l y s i g n i f i c a n t c o r r e l a t i o n (-0.78 - mean, 
n o t i n c l u d i n g GPCP-TREND) e x i s t s b e t w e e n STANDARD ERROR 
and NNS. I n t h i s s t u d y , where a l l t h e d a t a s e t s a r e o f a 
s i m i l a r s i z e , NNS i s t h e most i m p o r t a n t c o n t r i b u t i n g f a c t o r 
t o t h e a c c u r a c y o f i n t e r p o l a t i o n ( n o t e , w i t h t h e e x c l u s i o n 
o f a c o u p l e o f o u t l i e r s , t h e s t r o n g e r common n e g a t i v e 
t r e n d s o f t h e NNS/GPCP-STANDARD ERROR s c a t t e r g r a m - F i g u r e 
6 . 2 8 a ) . I n t e r e s t i n g l y , where t h e i n t e r p o l a t i o n methods 
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p r o d u c e g e n e r a l l y p o o r r e s u l t s (SYMAP, GHOT and 
GPCP-TREND), t h i s c o r r e l a t i o n c o e f f i c i e n t i s m a r k e d l y 
p o o r e r , u n d e r l i n i n g t h e %BAD/NNS c o e f f i c i e n t i n s u g g e s t i n g 
t h a t e x t r e m e e r r o r i s n o t n e c e s s a r i l y a d i r e c t r e s u l t o f 
NNS . 
I n a d d i t i o n , t h e r e a c t i o n s o f t h e i n d i v i d u a l d a t a s e t t y p e s 
t o p a r t i c u l a r i n t e r p o l a t i o n methods may be e x a m i n e d by 
c o n s i d e r i n g t h e mean c o n s i s t e n c y , p r e c i s i o n , a c c u r a c y and b i a s 
s t a t i s t i c s f o r each d a t a s e t t y p e . I n d i v i d u a l d a t a s e t means 
were g e n e r a t e d f r o m each o f t h e r e l e v a n t d a t a s e t s f o r each o f 
t h e I n t e r p o l a t i o n m e t h o d s , f o r c o n s i s t e n c y (ORIGINAL MIN/MAX), 
p r e c i s i o n (KURTOSIS), a c c u r a c y (STANDARD ERROR) and b i a s 
(MEAN). The r e s u l t s a r e sum m a r i s e d I n T a b l e 6.25. 
S e v e r a l g e n e r a l c o n c l u s i o n s may be drawn f r o m T a b l e 6 25 i n 
r e l a t i o n t o t h e g e n e r a l s u c c e s s o f p a r t i c u l a r d a t a s e t s w i t h i n 
t h e i n t e r p o l a t i o n m e t h o d s : 
a. I n t e r p o l a t i o n a c c u r a c y and c o n s i s t e n c y a r e d i r e c t l y 
c o r r e l a t e d w i t h NNS. As t h e NNS d e c r e a s e s (GRID, CONTOUR, 
SCATTER, BREAKLINE, RIVER), so a c c u r a c y d e c r e a s e s . 
b. I n t e r p o l a t i o n b i a s i s s t r o n g l y a s s o c i a t e d w i t h d a t a 
s e t t y p e . The s u r f a c e - s p e c i f i c d a t a s e t s g e n e r a t e 
p r e d o m i n a t e l y n e g a t i v e s y s t e m a t i c e r r o r - RIVER ( s t r o n g l y 
n e g a t i v e ) , CONTOUR ( n e g a t i v e ) and BREAKLINE ( w e a k l y 
n e g a t i v e ) . A l t e r n a t i v e l y , t h e s u r f a c e - r a n d o m d a t a s e t s 
g e n e r a t e p r e d o m i n a t e l y l o w o r p o s i t i v e s y s t e m a t i c e r r o r -
SCATTER ( p o s i t i v e ) and GRID ( l o w e r r o r ) . 
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c. P r e c i s i o n d i s p l a y s a s i m i l a r p a t t e r n t o a c c u r a c y and 
c o n s i s t e n c y , a l t h o u g h GRID and CONTOUR a r e i n t e r c h a n g e d . I n 
g e n e r a l , p r e c i s i o n d e c r e a s e s as a c c u r a c y d e c r e a s e s and t h e 
NNS s t a t i s t i c s d e c r e a s e s . T h i s i s most l i k e l y t o be a 
r e s u l t o f a g r e a t e r e r r o r r a n g e i n t h e l o w e r NNS d a t a s e t s -
I n a d d i t i o n , more s p e c i f i c c o n c l u s i o n s may be drawn f o r t h e 
v a r i o u s i n t e r p o l a t i o n m e t h o d s : 
a. The d a t a - a v e r a g i n g methods (SURFACE I I GRAPHICS) have 
good c o n s i s t e n c y o f d a t a s e t t y p e r e s p o n s e , a l t h o u g h 
BREAKLINE and RIVER d a t a s e t s p r o d u c e a g r e a t e r v a r i a t i o n 
o f c o n s i s t e n c y and a c c u r a c y . T h i s i s a d i r e c t r e s u l t o f t h e 
NNS, s i n c e t h e s e d a t a s e t s have l a r g e d a t a v o i d s w h i c h a r e 
much more s u s c e p t i b l e t o changes i n t h e s e a r c h method 
u t i l i s e d when s i m p l e d a t a - a v e r a g i n g f u n c t i o n s a r e b e i n g 
u t i l i s e d . O n l y t h e RIVER d a t a s e t s p r o d u c e a n e g a t i v e 
s y s t e m a t i c e r r o r c omponent. 
b. The d a t a s u r f a c e - a v e r a g i n g p r o c e s s e s (SYMAP and GPCP) 
b o t h p r o d u c e a marked i n c r e a s e i n n e g a t i v e s y s t e m a t i c e r r o r 
f o r a l l d a t a s e t s . W h i l e i n SYMAP, a l l d a t a s e t s have a 
c o n s i s t e n t d e t e r i o r a t i o n I n a c c u r a c y , c o n s i s t e n c y and 
p r e c i s i o n , GPCP shows a marked d e t e r i o r a t i o n i n a c c u r a c y 
and c o n s i s t e n c y o n l y f o r t h e sub-1.150 NNS d a t a s e t s ( t h e 
s t r o n g l y l i n e a t e d d a t a s e t s ) , and a marked i n c r e a s e f o r t h e 
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s u p e r - 1 . 1 5 0 NNS d a t a s e t s . 
c. The p e r f o r m a n c e o f t h e p o i n t w i s e q u a d r a t i c methods 
(GINOSDRF and GHOT) i s r e l a t e d p r i m a r i l y t o t h e 
s u r f a c e - s p e c i f I c / r a n d o m n a t u r e o f t h e d a t a s e t s . Use o f 
t h e s e t e c h n i q u e s w i t h t h e s u r f a c e - r a n d o m d a t a s e t s (GRID 
and SCATTER) p r o d u c e m o d e r a t e i n c r e a s e s i n a c c u r a c y and 
c o n s i s t e n c y o v e r t h e p r e v i o u s m e t h o d s . The l i n e a t e d 
s u r f a c e - s p e c i f i c d a t a s e t s (BREAKLINE, CONTOUR and RIVER) 
p r o d u c e s t r o n g d e c r e a s e s i n a c c u r a c y and c o n s i s t e n c y w i t h i n 
GHOT. T h i s i s a s s o c i a t e d w i t h t h e f a c t t h a t t h e l i n e a t e d 
d a t a s e t s p r o d u c e i l l - c o n d i t i o n e d n o r m a l e q u a t i o n s i n t h e 
node i n t e r p o l a t i o n , e x a g g e r a t e d where t h e d a t a d i s t r i b u t i o n 
i s p o o r , i . e . i n l o w NNS d a t a s e t s , and where t h e s e a r c h 
method f i n d s i n s u f f i c i e n t p o i n t s . 
W h i l e GINOSURF p r o d u c e s l o w m a g n i t u d e b i a s , and GHOT 
p r o d u c e s a h i g h e r m a g n i t u d e b i a s , a l l b i a s f o l l o w s t h e 
g e n e r a l t r e n d o f a l l t h e i n t e r p o l a t i o n methods - use o f 
SCATTER d a t a l e a d s t o a p o s i t i v e b i a s , use o f GRID d a t a 
g i v e s no s y s t e m a t i c e r r o r component and t h e 
s u r f a c e - s p e c i f i c d a t a s e t s a l l p r o d u c e n e g a t i v e b i a s . 
d. The a c c u r a c y o f i n t e r p o l a t i o n by KRIGE i s d i r e c t l y 
c o r r e l a t e d t o NNS. Use o f a l l d a t a s e t s g i v e s s i m i l a r 
c o n s i s t e n c y , w i t h t h e e x c e p t i o n o f RIVER d a t a , and t h i s 
RANDOM-TO-GRID INTERPOLATION 
4 36 
w o u l d s u g g e s t t h a t o n l y d a t a s e t s w i t h an NNS g r e a t e r t h a n 
1.0 a r e s u i t a b l e f o r t h i s t e c h n i q u e . 
e. MINCURV, w h i l e p r o d u c i n g g e n e r a l l y u n p r e d i c t a b l e 
r e s u l t s , i s much more s u i t e d t o p o i n t - b a s e d , s u r f a c e - r a n d o m 
d a t a s e t s w i t h o u t a p p r e c i a b l e d a t a v o i d s . 
f . SACM and MULTI g e n e r a t e s u p e r i o r i n t e r p o l a t e d r e s u l t s 
f o r a l l d a t a s e t s , a l t h o u g h , as m i g h t be e x p e c t e d , d a t a 
s e t s w i t h g e n e r a l l y l o w e r a c c u r a c y r e s u l t s by o t h e r methods 
have t h e l a r g e s t i n c r e a s e s i n a c c u r a c y . These two methods 
(SACM and MULTI) a r e o f most b e n e f i t w i t h d a t a s e t s w h i c h 
t h e o t h e r methods c a n n o t cope w i t h s a t i s f a c t o r i l y . 
g. BRAILE and GPCP-TREND, w h i c h p r o d u c e g e n e r a l l y l o w 
a c c u r a c y r e s u l t s ( i . e . t h e y a r e g e n e r a l l y p o o r 
i n t e r p o l a t o r s ) show most c o n s i s t e n c y b e t w e e n v a r y i n g d a t a 
s e t s . N e v e r t h e l e s s , use o f RIVER d a t a p r o d u c e s v e r y p o o r 
r e s u l t s and t h e r e f o r e d a t a s e t s w i t h an NNS l e s s t h a n 1.0 
s h o u l d n o t use t h e s e m e t h o d s . I n t e r e s t i n g l y , r e s u l t s f r o m 
t h e GPCP-TREND i n t e r p o l a t e d GRID r e s u l t s a r e o f a l o w e r 
a c c u r a c y t h a n a r e t h o s e f r o m t h e BREAKLINE, CONTOUR and 
SCATTER d a t a s e t s , and t h i s e m p h a s i s e s t h a t t h e s e two 
p r o c e d u r e s do n o t obey any g e n e r a l d a t a s e t s t y p e 
c o n v e n t i o n , b u t p r o d u c e a l a r g e amount o f 






7 ISARITHM INTERPOLATION 
7.1 INTRODUCTION 
H a v i n g c o n s i d e r e d t h e e f f e c t s o f t h e f i r s t s t a g e i n 
i s a r i t h m i n t e r p o l a t i o n , t h i s C h a p t e r w i l l e v a l u a t e t h e e f f e c t s 
o f t h e second s t a g e - g r i d - t o - I s a r i t h m i n t e r p o l a t i o n ( a l s o 
t e r m e d ' c o n t o u r t h r e a d i n g ' ) . As i n t h e p r e v i o u s c h a p t e r , t h e 
a c c u r a c y o f i n d i v i d u a l methods o f i n t e r p o l a t i o n w i l l be 
c o n s i d e r e d and t h e r e l a t i o n s h i p s b e t w e e n i n t e r p o l a t i o n e r r o r 
and d a t a c h a r a c t e r i s t i c s s t u d i e d . A s i m i l a r i n v e s t i g a t i o n w i l l 
be made o f t r i a n g u l a t i o n - t o - i s a r i t h m i n t e r p o l a t i o n , t h u s 
a l l o w i n g a c o m p a r i s o n o f t h e two b a s i c methods o f g e n e r a t i n g 
i s a r i t h m s on t h e c o m p u t e r - by t r l a n g u l a t I o n and by g r i d 
i n t e r p o l a t i o n . 
7.1.1 Resume Of P r e v i o u s R e s e a r c h 
U n l i k e r a n d o m - t o - g r i d i n t e r p o l a t i o n , a v e r y l i m i t e d amount 
o f r e s e a r c h has been p e r f o r m e d on e v a l u a t i n g g r i d - t o - I s a r i t h m 
s o f t w a r e . E x c l u d i n g d e s c r i p t i v e l i t e r a t u r e on t h e 
i m p l e m e n t a t i o n o f v a r i o u s s o f t w a r e (e.g. B a t c h a and Reese, 
1965; Heap and P i n k , 1969; W a l t e r s , 1969 and R h i n d , 1 9 7 1 ) , 
s t u d i e s have been l i m i t e d t o i n d i v i d u a l p r o g r a m s and t h e i r 
p r o d u c t s . These r a n g e f r o m t h e f o l k s y , where r e s u l t a n t 
i s a r i t h m s a r e compared g r a p h i c a l l y w i t h some 'b e n c h m a r k ' (e.g. 
R o y a l C o l l e g e o f A r t , 1972 - c o n s i d e r i n g t h e e f f e c t s o f u s i n g 
t h e ECU and SACM p a c k a g e s ) , t h r o u g h r e s t r i c t e d package 
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e v a l u a t i o n ( e ^ . S c h i l c h e r , 1977 and Assmus and S t a n g e r , 1978 -
c o n s i d e r i n g SCOP by u s i n g g r a p h i c a l o v e r l a y s and d e r i v i n g 
Koppe a c c u r a c y s t a t i s t i c s ) , t o s y s t e m and package c o m p a r i s o n 
(e.g. B l a c h u t and van W i j k , 1976 and G u s t a f s o n , 1977 c o m p a r i n g 
d i f f e r e n t s y s t e m s o f o r t h o p h o t o c o n t o u r g e n e r a t i o n u s i n g 
a d j a c e n t p l o t s and Koppe a c c u r a c y s t a t i s t i c s ) . I f Koppe 
s t a t i s t i c s a r e e x a m i n e d , t h e n f r e q u e n t l y t h e s e a r e e v a l u a t e d 
f r o m L i n d i g - b a s e d t h e o r i e s ( s e e 5.2.2) and compared w i t h 
i n t e r n a t i o n a l map s p e c i f i c a t i o n s - f r e q u e n t l y f o r German and 
Swiss n a t i o n a l s e r i e s ( e ^ . L i p s , 1964; B l a c h u t and v a n W i j k , 
1976; G u s t a f s o n , 1977; S c h i l c h e r , 1977 and Assmus and S t a n g e r , 
1 9 7 8 ) . D i s c u s s i o n i n s u c h a c a s e r e v o l v e s a r o u n d w h e t h e r t h e 
p r o c e s s ( d a t a c o l l e c t i o n t o map) has a t t a i n e d t h e r e q u i r e d 
s t a n d a r d and does n o t i n v o l v e e v a l u a t i n g t h e g e n e r a l 
p e r f o r m a n c e o f t h e g r i d - t o - i s a r i t h m i n t e r p o l a t i o n . 
T h e r e i s t h e r e f o r e a d i s t i n c t l a c k o f f i r m i n f o r m a t i o n i n 
t h e l i t e r a t u r e c o n c e r n i n g t h i s i m p o r t a n t s t a g e o f i s a r l t h m 
i n t e r p o l a t i o n . Walden ( 1 9 7 2 ) p r o p o u n d e d one o f t h e few 
t h e o r i e s . W h i l e a v o i d i n g any p r a c t i c a l e x a m i n a t i o n o f t h e 
t e c h n i q u e s , she s u g g e s t e d t h a t : 
" O b v i o u s l y , t h e s e c o n d s t e p o f t h e a u t o m a t i c 
c o n t o u r i n g a l g o r i t h m i s e n t i r e l y d e p e n d e n t on t h e f i r s t 
s t e p . The i n t e r p o l a t i o n p r o c e d u r e u s e d t o c o n n e c t a l l 
p o i n t s o f e q u a l v a l u e ( o r e v a l u a t i o n ) on t h e s u r f a c e uses 
t h e g r i d v a l u e s , and n o t t h e raw d a t a , f o r r e f e r e n c e . 
F u r t h e r m o r e ... c o n t o u r l i n e s m o o t h n e s s i s a f u n c t i o n o f 
t h e f i n e n e s s o f t h e g r i d . Thus, b o t h t h e a c c u r a c y and t h e 
a p p e a r a n c e o f t h e c o n t o u r map depend on t h e p r e c i s i o n o f 
t h e g r i d f r o m w h i c h i t i s d r a w n " ( W a l d e n , 1972, 5 ) . 
S i m i l a r l y , t h e r e i s a d i s t i n c t l a c k o f i n f o r m a t i o n 
c o n c e r n i n g t h e r e l a t i v e a b i l i t i e s o f i n t e r p o l a t i n g i s a r i t h m s 
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u t i l i s i n g a t r i a n g u l a t i o n n e t and u t i l i s i n g a r e g u l a r g r i d . 
F r y e ( 1 9 7 8 ) p r o p o s e d m e t h o d o l o g y t o be used t o compare t h e 
p e r f o r m a n c e s o f t h e two methods - T r i a n g u l a t e d I r r e g u l a r 
N e t w o r k ( T I N ) and U n i f o r m R e c t a n g u l a r G r i d (URG). T h i s 
i n v o l v e s a p p l y i n g t h e t h e o r y o f C o u r t ( s e e 5.3.2) t o compare 
t h e r e s u l t s o f p r e c i s e a p p l i c a t i o n s u s i n g b o t h m e t h o d s , w i t h 
t h e 'known t r u t h ' . Walden ( 1 9 7 2 ) p r o p o s e d a g e n e r a l 
' r u l e - o f - t h u m b ' f o r u s i n g t h e t r i a n g u l a t i o n o r g r i d methods 
based on S w i t z e r , Mohr and H e i t m a n ( 1 9 6 4 ) . She s u g g e s t e d t h a t , 
i f a u t o c o r r e l a t i o n amongst g r i d v a l u e s i s h i q h , t h e n a 
t r i a n g u l a t i o n n e t s h o u l d be u s e d , s i n c e t h e a v e r a g e d i s t a n c e 
f r o m a p o i n t b e i n g e s t i m a t e d t o a g r i d node w i l l be s m a l l e r . 
However, 
"When t h e c o r r e l a t i o n i s l o w , t h e s q u a r e g r i d i n 
t h e o r y p r o v i d e s a s l i g h t l y b e t t e r e s t i m a t e o f t h e 
s u r f a c e . T h i s i s because t h e i n t r o d u c t i o n o f a f o u r t h 
p o i n t s h o u l d e l i m i n a t e some o f t h e n o i s e i n t h e d a t a u s e d 
t o make t h e e s t i m a t i o n " ( W a l d e n , 1972, 6 ) . 
C l e a r l y t h e r e i s scope f o r d e t a i l e d a n a l y s e s o f b o t h t h e 
p e r f o r m a n c e s o f t h e g r i d - t o - i s a r i t h m a l g o r i t h m s and a l s o t h e 
r e l a t i v e a c c u r a c i e s a t t a i n a b l e f r o m d a t a s e t s u t i l i s i n g a 
t r i a n g u l a t i o n - t o - i s a r i thm a l g o r i t h m . 
7.1.2 B r i e f Resume Of Methods U t i l i s e d 
Seven i s a r l t h m i n t e r p o l a t i o n r o u t i n e s were c o n s i d e r e d i n 
t h i s a s p e c t o f t h e r e s e a r c h . The s e l f - w r i t t e n p r o g r a m 'DTC 
( s e e A l . 4 . 6 ) was t h e o n l y t r i a n g u l a t i o n - 1 o - i s a r i t h m p r o g r a m 
used and p e r f o r m e d a l i n e a r I n t e r p o l a t i o n o f i s a r i t h m s w i t h o u t 
s m o o t h i n g - t h i s a s p e c t was c o n s i d e r e d w i t h i n g r i d - t o - i s a r I t h m 
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I n t e r p o l a t i o n . S i x g r i d - t o - i s a r i t h m p a c k a g e s / s u b r o u t i n e 
l i b r a r i e s were u t i l i s e d w i t h t h e f o l l o w i n g s u m m a r i s e d o p t i o n s : 
a. SACM - t h e i s a r i t h m s a r e t h r e a d e d by l i n e a r 
i n t e r p o l a t i o n t h r o u g h each g r i d c e l l ; 
b. SURFACE I I GRAPHICS - t h e i s a r i t h m s a r e t h r e a d e d 
t h r o u g h each c e l l by l i n e a r i n t e r p o l a t i o n and sm o o t h e d ; 
c. GHOST - u s i n g t h e d i a g o n a l , e ach c e l l i s d i v i d e d i n t o 
two t r i a n g l e s and t h e i s a r i t h m s a r e l i n e a r l y I n t e r p o l a t e d 
w i t h o u t s u b s e q u e n t s m o o t h i n g ; 
d. CONSYS - a c e n t r e p o i n t (mean o f f o u r s u r r o u n d i n g 
n o d e s ) i s d e r i v e d f o r each c e l l , t h u s e s t a b l i s h i n g f o u r 
t r i a n g l e s t h r o u g h w h i c h t h e i s a r i t h m s a r e t h r e a d e d by 
l i n e a r i n t e r p o l a t i o n w i t h o u t any s u b s e q u e n t s m o o t h i n g ; 
e. GINOSURF - a c e n t r e - p o i n t (mean o f f o u r s u r r o u n d i n g 
n o d e s ) i s d e r i v e d f o r each c e l l , t h u s e s t a b l i s h i n g f o u r 
t r i a n g l e s t h r o u g h w h i c h t h e I s a r i t h m s a r e t h r e a d e d by 
l i n e a r i n t e r p o l a t i o n and s u b s e q u e n t l y s m o o t h e d ; 
f . GPCP 
a p a t c h w i s e 
- t h e 
t h i r d 
r e s o l u t i o n o f 
o r d e r s u r f a c e 
GRID 
each c e l l i s i n c r e a s e d f r o m 
f i t t e d t o t h e i m m e d i a t e 
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n e i g h b o u r i n g nodes - i s a r i t h m s a r e s u b s e q u e n t l y t h r e a d e d by 
l i n e a r i n t e r p o l a t i o n t h r o u g h t h e r e s u l t a n t s u b - c e l l s . 
7.1.3 E v a l u a t i o n P r o c e d u r e 
W i t h i n t h i s r e s e a r c h , i s a r i t h m s were i n t e r p o l a t e d f r o m 
t h r e e d i f f e r e n t r e s o l u t i o n s o f o b s e r v e d r e g u l a r g r i d f o r each 
o f t h e t h r e e m o d e l s , u s i n g f i v e d i f f e r e n t p a c k a g e s . O n l y t h e 
f i n e s t r e s o l u t i o n g r i d f o r each model was c o n s i d e r e d i n SACM. 
I n a d d i t i o n , i s a r i t h m s were d i r e c t l y i n t e r p o l a t e d f o r each o f 
t h e n o n - g r i d p o i n t d a t a s e t s u s i n g a t r i a n g u l a t i o n n e t . These 
two a s p e c t s w i l l be d i s c u s s e d s e p a r a t e l y . 
As a r e s u l t o f p r e v i o u s d i s c u s s i o n ( C h a p t e r 5 ) , t h r e e 
methods were used f o r e v a l u a t i n g t h e a c c u r a c y o f t h e i s a r i t h m s 
d e r i v e d f r o m t h e v a r i o u s methods and g r i d r e s o l u t i o n s . 
For each g r i d r e s o l u t i o n and model ( p o i n t d a t a ) , o v e r l a y 
maps were p r e p a r e d i n c o r p o r a t i n g t h e p r o d u c t s o f a l l t h e 
i n t e r p o l a t i o n methods w i t h t h e r e f e r e n c e i s a r i t h m s t o g i v e a 
g r a p h i c a l r e p r e s e n t a t i o n o f b o t h g e o m e t r i c a c c u r a c y and 
m o r p h o l o g i c a l t r u e n e s s . I n o r d e r t o a v o i d any a m b i g u i t i e s , a 
maximum o f t h r e e i n t e r p o l a t e d i s a r i t h m maps were o v e r l a i n w i t h 
t h e r e l e v a n t r e f e r e n c e map u s i n g d i f f e r e n t c o l o u r e d i n k s . The 
r e f e r e n c e i s a r i t h m s were a s s i g n e d r e d and t h e o t h e r methods 
( g r i d ) and d a t a s e t s ( p o i n t d a t a ) a s s i g n e d d i f f e r e n t c o l o u r s 
and l i n e t y p e s ( s e e T a b l e 7.1a and 7 . 1 b ) . U n f o r t u n a t e l y , t h e 
l i m i t e d number o f d i f f e r e n t i n k s a v a i l a b l e meant t h a t f o r each 
d a t a s e t two a d j a c e n t o v e r l a y maps ( s e e F i g u r e s 7.1 t o 7,9 and 
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Table 7.1a - Grid colour/line conventions 
METHOD COLOUR LINE 
CONSYS green pecked 
GHOST blue pecked 
GINOSURF blue sol id 
GPCP black solid 
SACM black pecked 
SURFACE I I green solid 
Table 7.1b - Point data colour/line conventions 
DATASET COLOUR LINE 
BREAKLINES black sol id 
CONTOURS blue sol id 
RIVER blue pecked 
SCATTER black pecked 
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7.19 t o 7.21) were r e q u i r e d t o d i s p l a y a l l the methods. On 
each map, the box beside the t i t l e i s e q u i v a l e n t i n s i z e t o a 
g r i d - c e l l . 
Geometric accuracy was e s t a b l i s h e d u s i n g the t h e o r y o f 
Court (see 5-3.2) w i t h i n t h e program 'CONCOR' (see A l . 4 . 4 ) . 
Summary diagrams were prepared from the o u t p u t o f CONCOR and 
separated a c c o r d i n g t o model (see F i g u r e s 7.10 t o 7.12 and 
7.22 t o 7.24). W i t h i n each diagram, t he i s a r i t h m c o r r e l a t i o n 
f o r each l e v e l i s d i s p l a y e d i n the top gra p h , w i t h an average 
f o r the map i n the top c o r n e r . The mid d l e graph summarises the 
t o t a l percentage area o f the map w i t h i n each i s a r i t h m l e v e l 
and the lower graph summarises, f o r each l e v e l , t h e percentage 
area I n s i d e the r e f e r e n c e i s a r i t h m s but o u t s i d e the 
i n t e r p o l a t e d i s a r i t h m s ( p o s i t i v e ) , and the area i n s i d e t he 
i n t e r p o l a t e d i s a r i t h m s but o u t s i d e the r e f e r e n c e i s a r i t h m s 
( n e g a t i v e ) . For each model, the f u l l g r i d ( f i n e s t r e s o l u t i o n ) 
i s shown by a s o l i d l i n e , t h e h a l f - g r i d (medium r e s o l u t i o n ) by 
a pecked l i n e and the q u a r t e r g r i d ( c o a r s e r e s o l u t i o n ) by a 
f i n e l y pecked l i n e . 
The t h e o r y of L i n d i g (see 5.2.2) was a l s o used t o e s t a b l i s h 
b o t h g e o m e t r i c accuracy and m o r p h o l o g i c a l t r u e n e s s . Summary 
diagrams were prepared f o r each model showing t h e p o s i t i o n , 
e l e v a t i o n , d i r e c t i o n and c u r v a t u r e e r r o r s (see F i g u r e s 7.13 t o 
7.15 and 7.25). Unique symbols are a s s o c i a t e d w i t h each c o l o u r 
and l i n e t y pe which were assigned s i m i l a r l y t o the o v e r l a y map 
comparisons. W i t h i n g r i d d e d data comparisons, the h o r i z o n t a l 
axes i n c r e a s e w i t h g r i d s i z e and i n c r e a s i n g r e s o l u t i o n . W i t h i n 
p o i n t data ( t r i a n g u l a t i o n ) comparisons, the l e f t m o s t p o i n t s 
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r e p r e s e n t INCH d a t a , the middle p o i n t s r e p r e s e n t LIAN data and 
the r i g h t m o s t r e p r e s e n t FORV d a t a . 
I n a d d i t i o n , F i g u r e s 7.16 t o 7.18 and 7.26 summarise the 
Koppe accuracy s t a t i s t i c s w i t h ( i n r e d ) the Swiss 1:10,000 
( s o l i d ) and German 1:5,000 (pecked) map accuracy 
s p e c i f i c a t i o n s . 
O v e r a l l , t h e methods a p p l i e d r e p r e s e n t a d e t a i l e d and 
e x h a u s t i v e a p p r a i s a l o f b o t h g e o m e t r i c and m o r p h o l o g i c a l 
a c c u r a c i e s . 
7.2 GRID-TO-ISARITHM 
7.2.1 G r a p h i c a l E v a l u a t i o n 
I n the r a n d o m - t o - g r i d comparison, a n u m e r i c a l p r o d u c t was 
gen e r a t e d , n e c e s s i t a t i n g p r i m a r i l y a n u m e r i c a l or s t a t i s t i c a l 
e v a l u a t i o n . I n the g r i d - t o - i s a r i t h m comparison, a g r a p h i c a l 
p r o d u c t i s t o be c o n s i d e r e d thus r e q u i r i n g a p r e l i m i n a r y 
g r a p h i c a l e v a l u a t i o n as a p r e - r e q u l s i t e t o a l a t e r s t a t i s t i c a l 
a n a l y s i s . The i s a r i t h m maps w i l l be c o n s i d e r e d p r i m a r i l y i n 
terms of g r i d r e s o l u t i o n , and w i t h i n t h i s , the e f f e c t s o f 
s u r f a c e roughness and i n d i v i d u a l packages w i l l be e v a l u a t e d . 
The success of t h e packages w i l l be c o n s i d e r e d i n terms o f 
t h e i r a b i l i t y t o r e g e n e r a t e macro- and m i c r o - f e a t u r e s , t he 
g e n e r a l smoothness of the r e s u l t a n t i s a r i t h m s , any r e s u l t a n t 
a m b i g u i t i e s , t h e i r d i s c r e p a n c i e s w i t h o t h e r methods and t h e i r 
closeness t o r e a l i t y . Throughout the example, numbers r e f e r t o 
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t h e numbered c i r c l e s on the r e s p e c t i v e f i g u r e s . 
7.2.1.1 F u l l - g r i d - F i n e s t R e s o l u t i o n 
The f u l l - g r i d maps are shown i n F i g u r e s 7.1 (INCH), 7.2 
(LIAN) and 7.3 (FORV). 
I n g e n e r a l , a l l maps show a good r e p r e s e n t a t i o n o f a l l 
m a c r o - f e a t u r e s . Use o f the smooth, h i g h l y a u t o c o r r e l a t e d LIAN 
s u r f a c e (see Table 4.3) produces the best i s a r i t h m 
i n t e r p o l a t i o n o f such f e a t u r e s . INCH has problems i n t h e main 
v a l l e y r e p r e s e n t a t i o n ( 1 and 2) which are a d i r e c t r e s u l t o f 
the f e a t u r e w i d t h b e i n g l e s s than t he g r i d r e s o l u t i o n . FORV 
has problems (see 3 ) , where t he i n t e r p o l a t e d i s a r i t h m s are 
d i s t i n c t l y d i f f e r e n t f rom the r e f e r e n c e i s a r i t h m s . This 
r e s u l t s from the g r i d nodes b e i n g s l i g h t l y lower than the 
l o c a l r e f e r e n c e i s a r i t h m s as a r e s u l t o f the accuracy o f the 
sampling process (see 3.4.4). The e r r o r i s a c c e n t u a t e d due t o 
th e f l a t n e s s o f the t e r r a i n a t t h i s p o i n t . 
At the m a c r o - l e v e l use of FORV data leads t o good 
d e l i n e a t i o n o f s m a l l k n o l l s and p i t s ( i n s u l a r i s a r i t h m s ) . 
However, w h i l e t h e s u r f a c e i m p r e s s i o n i s g e n e r a l l y conveyed 
w e l l , the a c t u a l p r o d u c t o f t e n l a c k s accuracy ( 4 ) . LIAN, and 
t o a g r e a t e r e x t e n t INCH, are l e s s s u c c e s s f u l due t o the 
m i c r o - f e a t u r e s h a v i n g a f i n e r r e s o l u t i o n t h a n FORV. I t i s 
s i g n i f i c a n t t h a t those packages which o p e r a t e smoothing, 
whether d i r e c t l y (GINOSURF) or i n d i r e c t l y (GPCP), g i v e 
c o n s i s t e n t and s u p e r i o r p r o d u c t s : s m a l l looped i s a r i t h m s tend 
t o be more a c c u r a t e l y placed and of more r e a l i s t i c s i z e (5 and 
6 ) . Conversely, a more ragged and v a r i a b l e p r o d u c t i s 
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generated by CONSYS and, more s i g n i f i c a n t l y , GHOST (5 and 6 ) . 
GHOST shows s e v e r a l e r r o r s (e^ ». the c o r r i e a t 7 ) , a l t h o u g h 
t h i s i s balanced by a s u p e r i o r d e l i n e a t i o n o f the major r i v e r 
v a l l e y i n INCH. These c o n f l i c t i n g r e s u l t s are due t o the 
g r i d - t o - t r i a n g l e process. Because GHOST uses t he ' d i a g o n a l 
method' (see F i g u r e 2.13a), t h e g r i d i s not r e f i n e d any 
f u r t h e r . The i s a r i t h m , f o r example, w i l l not pass between two 
low p o i n t s i n t h e r i v e r v a l l e y which are bot h below the 
I s a r i t h m l e v e l and are a t o p p o s i t e c o r n e r s of the g r i d - c e l l . 
However, the ' c e n t r e - p o i n t ' methods (GINOSURF and CONSYS) 
genera t e an a d d i t i o n a l p o i n t i n the c e n t r e o f the c e l l from a 
mean of the f o u r c o r n e r s . I f the r i v e r banks are s t e e p , t h e n 
t h i s mean may be h i g h , r e s u l t i n g i n a saddle p o i n t which 
breaks the r e s u l t a n t i s a r i t h m i n t o a c o n t i n u o u s v a l l e y and a 
sep a r a t e s m a l l p i t ( 1 and 2 ) . GPCP succeeds i n m o d e l l i n g the 
r i v e r v a l l e y due t o the n a t u r e o f the p o l y n o m i a l p a t c h w i s e 
process i n v o l v e d i n d e r i v i n g the f i n e r r e s o l u t i o n s u b - g r i d . 
T h i s d e f i n e s the l o c a l shape o f the s u r f a c e b e t t e r than an 
a r i t h m e t i c mean. 
As regards smoothness o f t h e i n t e r p o l a t e d i s a r i t h m s , a l l 
dat a s e t s and methods produce s i m i l a r l y smoothed p r o d u c t s w i t h 
t h e e x c l u s i o n o f GHOST (as p r e v i o u s l y d i s c u s s e d ) . There would 
appear t o be no req u i r e m e n t f o r any form o f p o l y n o m i a l 
smoothing a f t e r l i n e a r i n t e r p o l a t i o n a t t h i s g r i d s i z e and map 
s c a l e . 
S i m i l a r l y , i n these data and w i t h the e x c l u s i o n of CONSYS 
t h e r e are no a m b i g u i t i e s ( f o r example meeting or c r o s s i n g 
i s a r i t h m s ) . CONSYS problems occur p r i m a r i l y a t the s m a l l 
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I n s u l a r l o o p - i s a r i t h m / l i n e - i s a r i t h m I n t e r f a c e (3 and 6 ) . 
U n l i k e o t h e r packages, the I s a r i t h m s a re not t r a c e d t h r o u g h 
the g r i d and t h e r e f o r e g r i d l i n e s are not ' c h e c k e d - o f f * and 
thus p r e v e n t e d from b e i n g used s e v e r a l t i m e s . The same g r i d 
node ( i f i t has an e q u i v a l e n t "z" v a l u e t o the i s a r i t h m l e v e l ) 
may be used s e v e r a l times (up t o f o u r ) and thus i s a r i t h m s 
c r o s s and a m b i g u i t i e s occur. 
O v e r a l l , a t t h i s f i n e r e s o l u t i o n , d i s c r e p a n c i e s between 
methods are few - e x c l u d i n g those p r e v i o u s l y d i s c u s s e d 
c o n c e r n i n g GHOST and CONSYS - and are w i t h i n g e n e r a l l y 
a c c e p t a b l e p l o t t i n g t o l e r a n c e s . The i n t e r p o l a t e d i s a r i t h m s 
appear t o r e p l i c a t e the s u r f a c e s u f f i c i e n t l y w e l l , a l t h o u g h 
t h i s w i l l be examined s t a t i s t i c a l l y i n subsequent s e c t i o n s . 
Minor d i f f e r e n c e s do occur n o t a b l y i n FORV (3 and 6) and INCH 
(8 and 9 ) , a l t h o u g h t h i s i s m a i n l y i n f l a t areas and would be 
expected on any i s a r i t h m map where low g r a d i e n t s o c c u r r e d . 
7.2.1.2 H a l f - g r i d - Medium R e s o l u t i o n 
The h a l f - g r i d maps are shown i n F i g u r e s 7.4 (INCH), 7.5 
(LIAN) and 7.6 (FORV). 
As regards the d e l i n e a t i o n o f macro- and m i c r o - f e a t u r e s , 
LIAN demonstrates no s i g n i f i c a n t change from the f u l l g r i d , 
p r i m a r i l y as a r e s u l t of the h i g h s u r f a c e a u t o c o r r e l a t i o n . 
However, t h e r e i s a s i g n i f i c a n t decrease i n s m a l l i n s u l a r 
i s a r i t h m s , w i t h o n l y the major ones r e m a i n i n g i n a reduced 
s i z e . This i s t o be expected. As the g r i d s i z e i s h a l v e d , so 
c r i t i c a l nodes are l o s t and the waveleng t h o f f e a t u r e which 
may be d e f i n e d i s doubled. 
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The l e s s a u t o c o r r e l a t e d INCH s u r f a c e s u f f e r s from f u r t h e r 
r i v e r v a l l e y r e c e s s i o n as a r e s u l t o f the co a r s e r g r i d 
r e s o l u t i o n . An a s s o c i a t e d e f f e c t i s t h a t the g r i d - t o - i s a r i t h m 
method becomes more c r i t i c a l . O pposite g r i d c o r n e r s are 
f u r t h e r a p a r t and t h e r e f o r e the 'saddle p o i n t ' problem, 
d e r i v e d from the ' c e n t r e p o i n t ' g r i d - t o - t r i a n g u l a t i o n 
t e c h n i q u e s , causes more d i s t i n c t i v e v a r i a t i o n s between GPCP 
and GHOST and the o t h e r methods (10 and 1 1 ) . As w i t h LIAN, 
t h e r e are v i r t u a l l y no i n s u l a r i s a r i t h m s w i t h the e x c l u s i o n o f 
those ( e g . 12) which are caused by v i t a l g r i d nodes b e i n g l o s t 
i n d e c r e a s i n g the g r i d r e s o l u t i o n . 
FORV best i l l u s t r a t e s the major f l u c t u a t i o n s o f shape t h a t 
may occur w i t h h a l v i n g the g r i d r e s o l u t i o n . I n 14 and 15 
c o n s i d e r a b l e changes occur i n f l a t areas where v i t a l nodes are 
l o s t and the e f f e c t o f the r e m a i n i n g ones i s i n c r e a s e d as the 
d i s t a n c e between nodes has i n c r e a s e d . S i g n i f i c a n t l y , GPCP 
produces s l i g h t l y d i f f e r e n t r e s u l t s f r o m t he o t h e r t e c h n i q u e s , 
as the patchwise p o l y n o m i a l f u n c t i o n used may i n c r e a s e f u r t h e r 
t he e f f e c t o f the r e m a i n i n g nodes ( 1 6 ) . 
I t i s a t t h i s r e s o l u t i o n of g r i d and map s c a l e t h a t the 
i n f l u e n c e o f a smoothing a l g o r i t h m a f f e c t s the r e s u l t s . Once 
a g a i n , the h i g h l y a u t o c o r r e l a t e d LIAN shows mi n i m a l 
d i f f e r e n c e s . FORV (16 ) and INCH (17 and 18) not o n l y show 
c o n s i d e r a b l e v a r i a n c e between the smoothed i s a r i t h m s and the 
an g u l a r i s a r i t h m s , but the e f f e c t o f the c o a r s e r t r i a n g u l a t i o n 
w i t h i n GHOST i s apparent (FORV-19 and INCH-18 and 2 0 ) . 
E x c l u d i n g LIAN, a m b i g u i t i e s are more n o t i c e a b l e as a r e s u l t of 
smoothing ( 1 6 ) , w i t h c o a r s e r t r i a n g l e r e s o l u t i o n s (INCH-21 and 
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FORV-22 - GHOST) and the p r e v i o u s l y mentioned problem w i t h 
CONSYS due t o the scan p r o d u c t i o n of i s a r i t h m s ( 1 6 ) . W i t h 
r e g a r d t o the c o n s i s t e n c y of methods and t h e i r a b i l i t y t o 
r e p l i c a t e r e a l i t y , t h e r e i s a low v a r i a n c e among a l l LIAN 
i n t e r p o l a t e d i s a r i t h m s . Where i s a r i t h m s are smooth, a s l i g h t 
' d o w n h i l l ' ' s l i d e takes p l a c e ( 2 3) which i s balanced by a 
s l i g h t ' u p h i l l ' movement where i s a r i t h m s are more a n g u l a r 
( 2 4 ) . W i t h i n INCH a s i m i l a r c o n s i s t e n c y i s n o t e d away from 
the c o r r i e and r i v e r areas p r e v i o u s l y d i s c u s s e d . FORV shows 
the g r e a t e s t v a r i a n c e as a r e s u l t o f the s m a l l e r range o f 
a l t i t u d e and g r a d i e n t which has i t s maximum e f f e c t on i s a r i t h m 
p o s i t i o n i n l i n e a r i n t e r p o l a t o n . S i g n i f i c a n t l y , most 
v a r i a t i o n s are i n f l a t a r e a s . 
7.2.1.3 Q u a r t e r - g r i d - Coarse R e s o l u t i o n 
The q u a r t e r - g r i d maps are shown i n F i g u r e s 7.7 (INCH), 7.8 
(LIAN) and 7.9 (FORV). 
At t h i s c o a r s e s t r e s o l u t i o n , o n l y m a c r o - f e a t u r e s are 
m a i n t a i n e d , w i t h a t o t a l l o s s of m i c r o - f e a t u r e s . The e f f e c t s 
o f u t i l i s i n g d i a g o n a l and c e n t r e - p o i n t methods o f 
t r i a n g u l a t i o n are more marked (INCH-25 and - 2 6 ) , w i t h GHOST 
g e n e r a l l y showing s u p e r i o r i n t e r p o l a t i o n . 
As regards smoothness, n o t a b l e d i f f e r e n c e s between the 
v a r i o u s methods are seen f o r the f i r s t t i m e w i t h i n LIAN ( 2 7 ) 
a t t h i s r e s o l u t i o n . While the t h r e e smoothing a l g o r i t h m s 
i l l u s t r a t e c o n s i d e r a b l e o v e r - g e n e r a l i s a t i o n , the CONSYS and 
GHOST methods show minor v a r i a n c e . N a t u r a l l y , t h i s i s 
emphasised most i n the more s e n s i t i v e INCH and FORV models. 
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The i n h e r e n t l y simple n a t u r e of the m a c r o - f e a t u r e s i n INCH 
r e s u l t s i n g r e a t l y o v e r - g e n e r a l i s e d i s a r i t h m s w i t h a l a r g e 
i n t e r - a l g o r i t h m v a r i a n c e (INCH-28). This i s more acute i n 
FORV, l e a d i n g t o severe a m b i g u i t i e s w i t h CONSYS i s a r i t h m s and 
o v e r l a p p i n g (SACM - 30) or t o u c h i n g (GHOST - 31) i s a r i t h m s . 
'Cusping' (32 and 33) emerges o n l y i n the FORV g r i d . When 
l i n e a r l y i n t e r p o l a t i n g , t h i s i s caused by an i s a r i t h m changing 
d i r e c t i o n s h a r p l y t o encompass a g r i d node (see CONSYS). When 
t h i s i s a r i t h m i s s u b s e q u e n t l y smoothed a cusp r e s u l t s (see 
GINOSURF). As t h i s i s a f e a t u r e o f p o s t - i n t e r p o l a t i o n 
smoothing w i t h i n a coarse g r i d i t does n o t e x i s t i n 
f u n c t i o n - b a s e d i s a r i t h m i n t e r p o l a t i o n (see GPCP). 
' R e c t a n g u l a r ' i s a r i t h m s (FORV-34) may e x i s t i n unsmoothed, 
n o n - f u n c t i o n based i s a r i t h m i n t e r p o l a t i o n . They occur where 
the g r i d r e s o l u t i o n i s coarse ( c f . F0RV-17 r e s o l u t i o n ) and 
where a f l a t g r i d c e l l ( s ) i s surrounded by v e r y h i g h or low 
g r i d nodes. When l i n e a r i n t e r p o l a t i o n t a kes p l a c e , the 
i s a r i t h m s 'hug' the s i d e s of the g r i d c e l l s . T his may 
a d d i t i o n a l l y r e s u l t i n cu s p i n g i f the i s a r i t h m s are smoothed 
(see GINOSURF). 
A p u r e l y g r a p h i c a l and d e s c r i p t i v e a n a l y s i s of the r e s u l t s 
a l l o w s one t o understand some of the nuances o f a l t e r n a t i v e 
t e c h n i q u e s . However, i t does not g i v e p r e c i s e e s t i m a t e s o f 
performance; f o r t h i s n u m e r i c a l l y e v a l u a t e d s t a t i s t i c s must 
be examined. 
7.2.2 Geometric Accuracy 
The g e o m e t r i c accuracy of the v a r i o u s g r i d - t o - i s a r i t h m 
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methods w i l l be d i s c u s s e d w i t h r e f e r e n c e t o the c o r r e l a t i o n 
s t a t i s t i c s as d e r i v e d from CONCOR (see A l . 4 . 4 ) , p o s i t i o n and 
e l e v a t i o n e r r o r s as d e r i v e d from CONLIN (see A l . 4 - 5 ) and Koppe 
for m u l a e d e r i v e d from the l a t t e r . These r e s u l t s are summarised 
as f o l l o w s : f o r c o r r e l a t i o n s i n F i g u r e s 7.10 (INCH), 7.11 
(LIAN) and 7 12 (FORV); f o r p o s i t i o n and e l e v a t i o n e r r o r s i n 
Fi g u r e s 7.13 (INCH), 7.14 (LIAN) and 7.15 (FORV)- and f o r 
Koppe s t a t i s t i c s i n F i g u r e s 7.16 (INCH), 7.17 (LIAN) and 7.18 
(FORV). 
7.2.2.1 C o r r e l a t i o n S t a t i s t i c s 
The r e s u l t s shown i n F i g u r e s 7.10 t o 7.12 c o n f i r m the 
p r e v i o u s d i s c u s s i o n . A l l summary c o r r e l a t i o n s f o r LIAN are 
h i g h e r than f o r any method w i t h any o t h e r d a t a s e t . The f u l l -
( 5 1 ) and h a l f - g r i d s ( 2 6 ) p e r f o r m e q u a l l y w e l l and may be 
co n s i d e r e d i d e n t i c a l - t h e o n l y s e r i o u s d i s c r e p a n c i e s 
o c c u r r i n g a t the q u a r t e r - g r i d ( 1 3 ) s i z e - While GPCP i s 
c o n s i s t e n t l y s u p e r i o r a t a l l t h r e e g r i d r e s o l u t i o n s , t h i s i s 
o n l y m i n i m a l l y so. GINOSURF and CONSYS are o f s l i g h t l y l ower 
accuracy and GHOST has the p o o r e s t a c c u r a c y . T h i s would 
suggest t h a t , amongst packages, accuracy i s g r e a t e r f o r those 
which employ f i n e r i n t e r m e d i a t e r e s o l u t i o n . Examining INCH 
g r i d s , the lower s u r f a c e a u t o c o r r e l a t i o n means t h a t even a t 
the f u l l - g r i d r e s o l u t i o n the best c o r r e l a t i o n s are o n l y 0.980. 
As the r e s o l u t i o n becomes c o a r s e r , t he i s a r i t h m c o r r e l a t i o n 
decays more r a p i d l y . While the h a l f - g r i d ( 2 6 ) c o r r e l a t i o n 
c o e f f i c i e n t s may be s u f f i c i e n t l y h i g h and c l o s e t o the 
f u l l - g r i d ( 5 1) c o e f f i c i e n t s , the q u a r t e r - g r i d ( 13) i s o u t s i d e 
a c c e p t a b l e l i m i t s . S i g n i f i c a n t l y , GPCP a g a i n g i v e s 
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Figure 7.10 Gr id- to- isan' thm cor re la t ion s t a t i s t i c s (INCH) 
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Figure 7.12 Gr id- to- isar i thm corre la t ion s t a t i s t i c s (FORV) 
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c o n s i s t e n t l y s u p e r i o r r e s u l t s . E x c l u d i n g GHOST-51 and SURFACE 
I I GRAPHICS-13, GINOSURF and CONSYS ag a i n p r o v i d e a c o n s i s t e n t 
c l o s e second. 
Since Table 4.3 suggested t h a t FORV had the lowest s u r f a c e 
a u t o c o r r e l a t i o n , the p o o r e s t a c c u r a c i e s w i t h the g r e a t e s t 
v a r i a n c e might be expected w i t h FORV. The f i n e s t g r i d 
r e s o l u t i o n has the lo w e s t f u l l - g r i d i s a r i t h m c o r r e l a t i o n 
c o e f f i c i e n t s and t h e r e i s a sharp decay t o un a c c e p t a b l e h a l f -
and q u a r t e r - g r i d c o e f f i c i e n t s . T h i s s u p p o r t s p r e v i o u s 
g r a p h i c a l evidence which suggested t h a t o n l y the f u l l - g r i d 
produced a s u i t a b l e p r o d u c t , GPCP a g a i n produces c o n s i s t e n t l y 
the best i s a r i t h m s , a l t h o u g h GHOST and SURFACE I I GRAPHICS are 
s u p e r i o r a t the c o a r s e r r e s o l u t i o n s - t h e b e n e f i t s o f a 
' d i a g o n a l ' t r i a n g u l a t i o n have been suggested e a r l i e r i n areas 
of low a u t o c o r r e l a t i o n . 
I n summary, v a r i o u s p e r t i n e n t p o i n t s may be c o n s i d e r e d i n 
u s i n g t h i s approach t o dete r m i n e t h e accuracy o f the v a r i o u s 
a l g o r i t h m s . 
a. C l e a r l y GPCP always g i v e s r e s u l t s o f a s u p e r i o r 
g e o m e t r i c accuracy, i r r e s p e c t i v e of s u r f a c e type or g r i d 
s i z e . 
b. I n h i g h l y a u t o c o r r e l a t e d s u r f a c e s , GINOSURF, CONSYS 
and indeed any 'cent r e - p o i n t t r i a n g u l a t i o n ' method o f 
i s a r i t h m i n t e r p o l a t i o n are s u p e r i o r , a l t h o u g h t h i s 
g r a d u a l l y changes t o ' d i a g o n a l t r i a n g u l a t i o n ' (GHOST) and 
' d i r e c t - g r i d ' (SURFACE I I GRAPHICS) i n t e r p o l a t i o n as the 
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s u r f a c e a u t o c o r r e l a t i o n c o e f f i c i e n t decays. While SACM was 
o n l y e v a l u a t e d a t the f u l l - g r i d s i z e , i t appears t o be 
c o n s i s t e n t w i t h SURFACE I I GRAPHICS, b o t h from the 
c o e f f i c i e n t and the shape o f the c o r r e l a t i o n c u r v e . 
c. I n t e r e s t i n g l y , the bottom graphs f o r each method 
suggest t h a t a l l i n t e r p o l a t i o n methods c o n s i s t e n t l y 
i n t e r p o l a t e low. This may be a f e a t u r e o f the data sampling 
as d i s c u s s e d i n 3.4.4. The g r i d was observed I n p o i n t mode 
and t h e r e f o r e s h o u l d be of a h i g h e r accuracy than the 
i n d i v i d u a l r e f e r e n c e i s a r i t h m p o i n t s which were observed i n 
stream mode. I t may be t h a t when g r i d p o i n t s were b e i n g 
observed, the ' f l o a t i n g mark' i n the p l o t t i n g machine was 
c l o s e r t o ground l e v e l t h a n when the i s a r i t h m s were b e i n g 
observed, i n t r o d u c i n g a s y s t e m a t i c e r r o r . 
d. The maximum i s a r i t h m l e n g t h and the maximum area 
d i s c r e p a n c i e s occur when 60-65% o f the t o t a l map area i s 
enclosed by an i s a r i t h m . I t may t h e r e f o r e be assumed t h a t 
t h e r e i s a s y s t e m a t i c e r r o r component i n v o l v e d i n 
d e t e r m i n i n g the accuracy u t i l i s i n g t h i s method, which might 
lower the c o r r e l a t i o n c o e f f i c i e n t i f the m a j o r i t y o f 
i s a r i t h m s were l o n g . 
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7.2.2.2 P o s i t i o n And E l e v a t i o n E r r o r 
While the l s a r i t h m c o r r e l a t i o n c o e f f i c i e n t may p r o v i d e a 
good s t a t i s t i c t o d e s c r i b e r e l a t i v e g e o m e t r i c a c c u r a c y , i t 
does not d e s c r i b e the a b s o l u t e g e o m e t r i c a c c u r a c y . T h i s 
r e q u i r e s the p o s i t i o n and e l e v a t i o n e r r o r s ( F i g u r e s 7.13 t o 
7#15) and the Koppe accuracy f o r m u l a e (see F i g u r e s 7-16 t o 
7.18). 
S i g n i f i c a n t l y , most of the data set/package c o m b i n a t i o n s 
produce e l e v a t i o n e r r o r curves which are s i m i l a r , scaled-down 
v e r s i o n s o f the p o s i t i o n e r r o r c u r v e s . T h i s would suggest a 
c o n s i s t e n t , balanced e r r o r / g r a d i e n t r e l a t i o n s h i p w i t h i n each 
of the data s e t s . Notable e x c e p t i o n s t o t h i s are t h e 
performances o f SURFACE I I GRAPHICS (FORV-17, FORV-33, INCH-26 
and LIAN-26), SACM (FORV-65), GHOST (LIAN-13) and CONSYS 
(FORV-17). From the graphs, I t may be assumed t h a t SURFACE I I 
GRAPHICS i s a p a r t i c u l a r l y poor i n t e r p o l a t o r i n f l a t areas, 
s i n c e e l e v a t i o n e r r o r i s p r o p o r t i o n a t e l y s m a l l e r t h a n p o s i t i o n 
e r r o r . T h i s e f f e c t seems l i m i t e d t o m e d i u m - r e s o l u t i o n g r i d s 
and rough m i c r o - r e l i e f s u r f a c e s . SACM (FORV-65) and GHOST 
(LIAN-13) s u f f e r s i m i l a r l y on smooth s u r f a c e s , a l t h o u g h CONSYS 
(FORV-17) has a d i s p r o p o r t i o n a t e l y h i g h amount o f e r r o r i n 
steep areas o f rough m i c r o - r e l i e f s u r f a c e s . T h e r e f o r e , t h e 
co a r s e r methods o f i s a r i t h m p r o d u c t i o n ( d i r e c t - g r i d and 
d i a g o n a l - t r i a n g l e ) have most e r r o r i n f l a t areas and t h e f i n e r 
( c e n t r e - p o i n t ) method has most e r r o r i n steep a r e a s . O v e r a l l , 
the graphs s u p p o r t the p r o p o s i t i o n t h a t GPCP i s c o n s i s t e n t l y 
s u p e r i o r i r r e s p e c t i v e o f r e s o l u t i o n or s u r f a c e . GINOSURF and 
CONSYS are g e n e r a l l y good a l t h o u g h GHOST i s m a r g i n a l l y 
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Figure 7.13 Gri d- to- isar i thm Lindig errors (INCH) 
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Figure 7.14 Gr id- to- isar i thm Lindig errors (LIAN) 
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s u p e r i o r i n FORV. 
The b e n e f i t of u t i l i s i n g t h i s scale-dependent measure o f 
accuracy e v a l u a t i o n i s u n d e r l i n e d by c o n s i d e r i n g t h e magnitude 
o f the e r r o r s . LIAN and FORVj which cover s i m i l a r areas and 
have s i m i l a r g r i d r e s o l u t i o n s , produce r e a s o n a b l y c o n s i s t e n t 
r e s u l t s i r r e s p e c t i v e o f g r i d r e s o l u t i o n . INCH produces an 
ex c e s s i v e v a r i a t i o n between the 13 and 26 g r i d s i z e s - however 
INCH does cover a much wid e r range o f v a l u e s i n a l l t h r e e 
dimensions and the r e s p e c t i v e g r i d r e s o l u t i o n s are 13 (120m), 
26 (60m). Even f o r the f i n e s t r e s o l u t i o n ( 5 1 ) , p o s i t i o n 
(10»0m) and e l e v a t i o n (2.0m) e r r o r s are t w i c e those o f FORV 
and LIAN (6.0m and 0.8m), a l t h o u g h t h i s must be balanced 
a g a i n s t a s i m i l a r r a t i o o f ranges i n 'z* - FORV (28m), LIAN 
(90m) and INCH (180m). T h e r e f o r e , r e s u l t s u s i n g p o s i t i o n and 
e l e v a t i o n e r r o r s t o d e f i n e accuracy show a re m a r k a b l y h i g h 
c o r r e l a t i o n w i t h t h e s u r f a c e area a n a l y s i s (see Table 4.6), 
whereas i s a r i t h m c o r r e l a t i o n r e s u l t s are h i g h l y c o r r e l a t e d 
w i t h the sc a l e - i n d e p e n d e n t a u t o c o r r e l a t i o n c h a r a c t e r i s t i c s 
(see Table 4.3). A d d i t i o n a l l y , t h e l a t t e r , as a r e s u l t o f the 
s y s t e m a t i c e f f e c t of l i n e l e n g t h on the d e s c r i p t o r , must be 
c o n s i d e r e d t o combine some measure o f m o r p h o l o g i c a l t r u e n e s s 
w i t h g e o m e t r i c accuracy. 
The a b i l i t y o f the i n t e r p o l a t e d i s a r i t h m s t o meet r e q u i r e d 
map a c c u r a c i e s may be examined by c o n s i d e r i n g t h e r e l e v a n t 
graphs summarising the Koppe f o r m u l a e . I n c o n s i d e r i n g them, i t 
s h o u l d be noted t h a t the o v e r l a y maps are a p p r o x i m a t e l y a t the 
sc a l e s 
a. INCH - 1:13,000 
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b. LIAN - 1:8,000 
c. FORV - 1:6,000 
E x c l u d i n g a few i n d i v i d u a l cases and FORV ( 1 7 ) , a l l FORV and 
LIAN maps f a l l w i t h i n t h e r e q u i r e d a c c u r a c i e s o f the German 
1:5,000 and Swiss 1:10,000 s c a l e maps. I n a d d i t i o n , w h i l e t h e 
INCH maps do not a t t a i n t h e r e q u i r e d s t a n d a r d ; i t sh o u l d be 
remembered t h a t they are a t a s m a l l e r s c a l e , and t h e r e f o r e 
INCH (26 and 51) c o u l d s t i l l f a l l w i t h i n t h e accuracy f o r a 
comparable s c a l e (see F i g u r e 5.1). The e x t r e m e l y poor INCH-13 
i l l u s t r a t e s the problems o f i n t e r p o l a t i n g f r o m a g r i d w i t h a 
coarse r e s o l u t i o n i n r e l a t i o n t o the f e a t u r e s b e i n g mapped. 
U n f o r t u n a t e l y , as the v a r i a n c e across data s e t s i s too 
e x t e n s i v e , no m e a n i n g f u l p a t t e r n emerges fr o m t he graphs w i t h 
r e s p e c t t o the performances o f s p e c i f i c packages. T h i s 
emphasises the importance o f the d e s c r i p t o r p u r e l y as a b i n a r y 
s t a t e m e n t o f accuracy - e i t h e r the p r o d u c t i s w i t h i n or not 
w i t h i n the a l l o w a b l e t o l e r a n c e . 
7.2.3 M o r p h o l o g i c a l Trueness 
Two e x p r e s s i o n s f o r m o r p h o l o g i c a l t r u e n e s s o f t h e 
i n t e r p o l a t e d i s a r i t h m s were c a l c u l a t e d u s i n g C0NLIN. The 
r e s u l t a n t e r r o r s ( d i r e c t i o n and c u r v a t u r e ) a re summarised w i t h 
the p o s i t i o n and e l e v a t i o n e r r o r s , i n F i g u r e s 7.13 t o 7.15. 
M o r p h o l o g i c a l t r u e n e s s i s r e l a t e d t o the accuracy o f the 
r e l a t i v e shapes and o r i e n t a t i o n s o f the i s a r i t h m under 
i n t e r e s t wth re g a r d t o the r e f e r e n c e I s a r i t h m - no 
c o n s i d e r a t i o n of the r e l a t i v e p o s i t i o n s o f the two i s a r i t h m s 
i s made. 
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D i r e c t i o n e r r o r e x p r e s s e s the e r r o r between the d i r e c t i o n s 
of the l i n e segments on the i n t e r p o l a t e d i s a r i t h m w i t h 
comparable p o i n t s on the r e f e r e n c e i s a r i t h m . I f the i s a r i t h m s 
a r e p a r a l l e l , the e r r o r w i l l be O r a d i a n s . Any d e v i a t i o n from 
p a r a l l e l i s m r e s u l t s i n an e r r o r which, f o r the purpose of t h i s 
e v a l u a t i o n , has been r e d u c e d to i t s a b s o l u t e magnitude* The 
shape of two i s a r i t h m s may be i d e n t i c a l ; b u t ? i f the 
o r i e n t a t i o n i s wrong then d i r e c t i o n e r r o r w i l l e x i s t , a l t h o u g h 
t h e r e w i l l be l i t t l e c u r v a t u r e e r r o r . 
C u r v a t u r e e r r o r e x p r e s s e s the r a t i o between the r a d i i of 
c u r v a t u r e of the I n t e r p o l a t e d i s a r i t h m and the r e f e r e n c e 
i s a r i t h m - S e c t i o n 5.2.2 and F i g u r e 5.2 show t h a t the magnitude 
of the e r r o r v a r i e s w i t h R f w h i c h i s e s t a b l i s h e d a p r i o r i and 
was s e t to 500.0m throughout t h i s e x a m i n a t i o n . Thus, whereas 
the o t h e r t h r e e graphs i n F i g u r e s 7.13 to 7.15 show a b s o l u t e 
e r r o r , the magnitude of the c u r v a t u r e e r r o r o n l y r e f l e c t s 
r e l a t i v e e r r o r . However, the s i g n of the e r r o r i s i m p o r t a n t . A 
p o s i t i v e e r r o r i m p l i e s t h a t the r a d i u s of c u r v a t u r e of the 
i n t e r p o l a t e d i s a r i t h m i s g r e a t e r t h a n the r a d i u s of c u r v a t u r e 
of the r e f e r e n c e I s a r i t h m . A l t e r n a t i v e l y , a n e g a t i v e e r r o r 
i m p l i e s t h a t the r a d i u s of c u r v a t u r e of the r e f e r e n c e I s a r i t h m 
i s g r e a t e r than t h a t of the i n t e r p o l a t e d i s a r i t h m . C l e a r l y the 
s m a l l e r the magnitude of the e r r o r , the g r e a t e r the s i m i l a r i t y 
of the shape of the i s a r i t h m s -
7.2.3.1 D i r e c t i o n E r r o r 
An i m p o r t a n t a s p e c t of the graphs of d i r e c t i o n e r r o r i s the 
low v a r i a n c e w i t h i n any d a t a s e t a c r o s s both r e s o l u t i o n and 
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i n t e r p o l a t i o n package. However, a s t r o n g c o r r e l a t i o n e x i s t s 
between e r r o r magnitude and the s u r f a c e a u t o c o r r e l a t i o n of the 
d i f f e r i n g d a t a s e t s . 
LIAN shows the most e r r o r v a r i a n c e of a l l the s u r f a c e s . 
However, s i n c e the s u r f a c e i s a h i g h l y a u t o c o r r e l a t e d l i n e a r 
one, the magnitude of the e r r o r i s c o n s i d e r a b l y l ower than 
t h a t from the o t h e r s u r f a c e s ( a p p r o x i m a t e l y O . S r a d i a n s ) . 
I m p o r t a n t l y , c o a r s e r r e s o l u t i o n g r i d s produce lower e r r o r s 
t h a n f i n e r r e s o l u t i o n g r i d s * S i n c e the l s a r i t h m s of the 
c o a r s e r r e s o l u t i o n g r i d s o n l y p o r t r a y m a c r o - f e a t u r e s - w h i c h 
i n the c a s e of t h i s s u r f a c e a r e smooth and l i n e a r - d i r e c t i o n 
of both i n t e r p o l a t e d and r e f e r e n c e i s a r i t h m s w i l l be n e a r 
s i m i l a r . At the f i n e r r e s o l u t i o n , the r o ugher m i c r o - f e a t u r e s 
a r e d e t e c t e d a l t h o u g h t h e y a r e not d e l i n e a t e d so w e l l - hence 
the p o orer r e s u l t s . I n g e n e r a l ^ the packages which i n v o l v e 
g e n e r a t i n g f i n e r r e s o l u t i o n i n t e r m e d i a t e g r i d s a r e s u p e r i o r , 
t h u s the o r d e r of i n c r e a s i n g e r r o r i s CONSYS, GPCP, GINOSURF, 
GHOST, SURFACE I I GRAPHICS and SACM. Where smooth s u r f a c e s 
o c c u r , the i n i t i a l p r e - t h r e a d l n g i n t e r p o l a t i o n to I n c r e a s e the 
g r i d r e s o l u t i o n b e f o r e i s a r i t h m t h r e a d i n g ( f o r example CONSYS 
and GPCP) produces h i g h a c c u r a c y r e s u l t s , p r o v i d i n g a more 
r i g o r o u s b a s i s f o r i s a r i t h m t h r e a d i n g . 
W i t h i n INCH, the e r r o r v a r i a n c e i s much lower a l t h o u g h the 
a v e r a g e magnitude i s h i g h e r . INCH i s a r o u g h e r , l e s s 
a u t o c o r r e l a t e d s u r f a c e than LIAN w i t h a more complex macro-
and m i c r o - s t r u c t u r e . Thus the c o a r s e r r e s o l u t i o n g r i d produces 
g e n e r a l i s e d i s a r i t h m s which r e s u l t i n h i g h d i r e c t i o n e r r o r . As 
r e s o l u t i o n i n c r e a s e s ? i s a r i t h m r e p r e s e n t a t i o n of 
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m a c r o - f e a t u r e s i n c r e a s e s and t h e r e f o r e e r r o r d e c a y s . As 
s u g g e s t e d p r e v i o u s l y , the a b i l i t y of the g r i d - t o - t r l a n g u l a t i o n 
i n t e r p o l a t i o n p r o c e s s e f f e c t i v e l y to i n c r e a s e the r e s o l u t i o n 
of the g r i d d e c r e a s e s as the s u r f a c e r oughness i n c r e a s e s • 
T h e r e f o r e , the t r i a n g u l a t i o n - b a s e d methods (CONSYS, GINOSURF 
and GHOST) produce i n f e r i o r p r o d u c t s to the f u n c t i o n and g r i d 
methods (GPCP^ SACM and SURFACE I I GRAPHICS). 
FORV i s a m i c r o - f e a t u r e d s u r f a c e of low a u t o c o r r e l a t i o n . 
T h e r e f o r e e r r o r i s h i g h a t the c o a r s e s t r e s o l u t i o n s i n c e the 
b a s i s f o r even a r e a s o n a b l e m a c r o - f e a t u r e d e l i n e a t i o n does not 
e x i s t due to the micro-dominant n a t u r e of the s u r f a c e . Indeed^ 
w i t h the e x c l u s i o n of GHOST^ the a b i l i t y of t h e i n t e r p o l a t e d 
i s a r i t h m s to r e p l i c a t e t h e r e f e r e n c e i s a r i t h m s o n l y m a r g i n a l l y 
i mproves w i t h r e s o l u t i o n . The n a t u r e of the s u r f a c e c a u s e s 
problems w i t h the g r i d - t o - t r i a n g u l a t i o n methods whic h r e q u i r e 
p r e - t h r e a d i n g i n t e r p o l a t i o n . T h e r e f o r e , t h e methods whic h 
i n v o l v e no p r e - t h r e a d i n g i n t e r p o l a t i o n (SACM ? GHOST and 
SURFACE I I GRAPHICS) a r e s u p e r i o r to t h o s e r e q u i r i n g 
i n t e r p o l a t i o n (GPCP, CONSYS and GINOSURF). 
I n g e n e r a l ; a f e a t u r e of t h i s form of e r r o r i s the s u p e r i o r 
a b i l i t y of GPCP to r e p l i c a t e the r e f e r e n c e i s a r i t h m s . W hile 
GPCP may not a l w a y s be the optimum method i t c o n s i s t e n t l y 
produces a h i g h e r a c c u r a c y p r o d u c t . 
7.2.3.2 C u r v a t u r e E r r o r 
The c u r v a t u r e e r r o r shows the most c o n s i s t e n c y of a l l the 
L i n d i g e r r o r s between the models- While magnitude may v a r y 
q u i t e d i s t i n c t l y ( a s d i s c u s s e d e a r l i e r ) , the r e l a t i v e s h a p e s 
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of the graphs between each model a r e v i r t u a l l y I d e n t i c a l . The 
packages t h a t do not use smoothing produce the s m a l l e s t e r r o r 
(GHOST and CONSYS) a l t h o u g h t h i s t r e n d , e s p e c i a l l y i n FORV ; i s 
r e v e r s e d a t the f u l l - g r i d * T h i s s u g g e s t s t h a t smoothing i s not 
e f f e c t i v e w i t h c o a r s e r r e s o l u t i o n g r i d s - i n t e r p o l a t e d 
i s a r i t h m s b e i n g too rounded. However, as r e s o l u t i o n i n c r e a s e s , 
the magnitude of the e r r o r as a r e s u l t of p o s t - i n t e r p o l a t i o n 
smoothing d i m i n i s h e s ( q u i t e d r a m a t i c a l l y f o r FORV). GPCP g i v e s 
c o n s i s t e n t l y poor r e s u l t s w h i c h i l l u s t r a t e i t s a b i l i t y to 
p r o v i d e an u n b i a s s e d i n t e r p o l a t o r as r e g a r d s g r i d r e s o l u t i o n . 
U n d e r t a k i n g a c r o s s - m o d e l e v a l u a t i o n i s more d i f f i c u l t . The 
INCH s u r f a c e , w h i l e made of a l a r g e r m a c r o - f e a t u r e and thu s 
c o v e r i n g a much l a r g e r a r e a t h a n t h e o t h e r s u r f a c e s , has a 
r e l a t i v e l y c u r v e d t e r r a i n . R a d i i of c u r v a t u r e a r e t h e r e f o r e 
c o n s i s t e n t l y s i z e d a t an a v e r a g e l e n g t h . S i n c e the 
i n t e r p o l a t e d i s a r i t h m s can match the m a c r o - f e a t u r e s 
s u f f i c i e n t l y w e l l , c u r v a t u r e e r r o r i s thu s m i n i m i s e d . 
A l t e r n a t i v e l y , the LIAN s u r f a c e , w h i c h c o v e r s a s m a l l e r a r e a , 
has p r e d o m i n a n t l y l i n e a t e d i s a r i t h m s w i t h l a r g e r a d i i of 
c u r v a t u r e . With the s u p e r i m p o s i t i o n of m i c r o - f e a t u r e s w i t h 
much s m a l l e r r a d i i of c u r v a t u r e , any s m a l l mis-match of 
i n t e r p o l a t e d and r e f e r e n c e i s a r i t h m s w i l l have a maximum 
e f f e c t on c u r v a t u r e e r r o r - hence the e r r o r magnitude i s 
l a r g e r than f o r INCH. FORV i s a r i t h m s c o n t a i n s u c h a v a r i e t y of 
r a d i i of c u r v a t u r e ^ due to the m i c r o - n a t u r e of the s u r f a c e ^ 
t h a t the c u r v a t u r e e r r o r may be a f f e c t e d to the extreme. At 
the c o a r s e g r i d r e s o l u t i o n where o n l y m a c r o - f e a t u r e s a r e 
d e l i n e a t e d , the e r r o r i s much g r e a t e r than a t the f u l l - g r i d 
when micro d e t a i l i s d e l i n e a t e d -
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7.2.4 C o n c l u s i o n On G r i d - 1 o - i s a r i t h m Methods 
I t s h o u l d be a p p a r e n t from the p r e v i o u s d i s c u s s i o n t h a t , 
w h i l e the g r i d - t o - i s a r i t h m p r o c e s s does not produce s u c h a 
l a r g e range of a c c u r a c i e s as does r a n d o m - t o - g r i d 
i n t e r p o l a t i o n , n e v e r t h e l e s s a c c u r a c i e s may be v a r i a b l e . I t has 
been shown t h a t , e x c l u d i n g INCH-13 and t a k i n g i n t o a c c o u n t 
d a t a p o i n t e r r o r a s d i s c u s s e d i n C h a p t e r 3f a c c u r a c i e s u s i n g 
the g r i d - t o - i s a r i t h m programs a r e comparable w i t h n a t i o n a l 
mapping a c c u r a c y s t a n d a r d s . 
The v a r i o u s forms of a c c u r a c y may be d i r e c t l y a s s o c i a t e d 
w i t h the s u r f a c e c h a r a c t e r i s t i c s of the d a t a under 
i n v e s t i g a t i o n • 
a. M o r p h o l o g i c a l t r u e n e s s ( a s e x p r e s s e d by d i r e c t i o n 
e r r o r ) and g e o m e t r i c e r r o r ( a s e x p r e s s e d by the 
s c a l e - i n d e p e n d e n t r e s e m b l a n c e c o r r e l a t i o n ) a r e s t r o n g l y 
c o r r e l a t e d w i t h s u r f a c e a u t o c o r r e l a t i o n . 
b. M o r p h o l o g i c a l t r u e n e s s ( a s e x p r e s s e d by c u r v a t u r e 
e r r o r ) i s s t r o n g l y c o r r e l a t e d w i t h v e c t o r d i s p e r s i o n 
a n a l y s i s . 
c . G e ometric a c c u r a c y ( a s e x p r e s s e d by p o s i t i o n and 
e l e v a t i o n e r r o r s ) i s s t r o n g l y c o r r e l a t e d w i t h s u r f a c e a r e a 
a n a l y s i s • 
The r e l a t i v e a c c u r a c i e s which may be a c h i e v e d by s p e c i f i c 
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packages must be c o n s i d e r e d i n c o n j u n c t i o n w i t h the computing 
r e s o u r c e s n e c e s s a r y f o r the p a c k a g e s ' o p e r a t i o n . T a b l e 7.2 
summarises the cpu time ( s e c o n d s ) used and the v i r t u a l memory 
(pages per minute where one page e q u a l s 4096 b y t e s ) r e q u i r e d 
f o r e ach run of FORV d a t a * T a b l e 7.3 summarises the same 
s t a t i s t i c s i n terms of the c o m m e r c i a l c h a r g i n g r a t e a t NUMAC 
( i n p e n c e ) . T h i s does not i n c l u d e c o s t s a t t r i b u t e d to f i l e 
s t o r a g e , p r i n t e r and p l o t t e r o u t p u t , d a t a I/O o p e r a t i o n s , d a t a 
e d i t i n g or e l a p s e d t i m e . A l l s t a t i s t i c s a r e s u b - d i v i d e d i n t o 
the main program run and any o t h e r a s s o c i a t e d r u n s ( i . e . GPCP 
- r e f o r m a t i n g d a t a ; GHOST, CONSYS and GINOSURF - c o m p i l i n g 
program). Comparable v a l u e s f o r SURFACE I I GRAPHICS and SACM 
have been e s t i m a t e d . 
I t may be s e e n t h a t w h i l e GPCP i n t e r p o l a t e s i s a r i t h m s of a 
s u p e r i o r and c o n s i s t e n t a c c u r a c y , the t o t a l c o s t i s 
c o n s i d e r a b l y g r e a t e r than by any o t h e r method - both i n terms 
of CPU time and memory r e q u i r e m e n t s . T h i s i s p a r t l y a r e s u l t 
of each p r e - t h r e a d i n g p a t c h w i s e i n t e r p o l a t i o n b e i n g r e p e a t e d 
f o r each l s a r i t h m t h a t p a s s e s through the r e l e v a n t p a t c h . 
' D i a g o n a l ' (GHOST) and ' d i r e c t g r i d ' (SURFACE I I GRAPHICS and 
SACM) methods i n v o l v e s i m i l a r c h a r g e s and as a g e n e r a l 
' r u l e - o f - t h u m b ' , produce good r e s u l t s w i t h d a t a from rough 
s u r f a c e s . ' C e n t r e - p o i n t ' methods (CONSYS and GINOSURF) a r e 
p r e f e r r e d w i t h smooth s u r f a c e d a t a . 
As r e g a r d s i s a r i t h m smoothing, few d i f f e r e n c e s e x i s t 
between f o r i n s t a n c e , CONSYS and GINOSURF. At f i n e r 
r e s o l u t i o n s , i s a r i t h m smoothing i s u n n e c e s s a r y w h i l e a t 
c o a r s e r r e s o l u t i o n s I t may o f t e n prove I n c o n v e n i e n t , 
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Main Run Assoc ia ted Tota l 
Memory Ti me Memory Ti me Memory Time 
CONSYS 65 1 .95 2 98 0. 82 0.91 2 77 3 89 
33 0 .80 1 64 0. 82 0.91 1 62 2 55 
17 0 47 1 21 0. 82 0.91 1 29 2. 12 
GHOST 65 2 38 3 47 0. 72 0.85 3 10 4. 32 
33 0 90 1. 73 0. 72 0.85 1 62 2. 58 
17 0 53 1. 28 0. 72 0.85 1. 25 2. 13 
GINOSURF 65 4 63 4. 99 0. 67 0.83 5. 30 5. 82 
33 2. 12 2 . 77 0. 67 0.83 2. 79 3. 70 
17 1 47 2 . 16 0. 67 0.83 2. 14 2. 99 
GPCP 65 11. 07 7. 33 2 . 83 3.91 13. 90 11 . 24 
33 4. 47 3. 32 0. 9 1.62 5. 37 4. 94 
17 2 . 30 2. 03 0. 5 1.13 2 . 35 3. 16 
SACM 65 4. 50 4. 50 4. 50 4. 50 
SURFACE I I 65 4. 50 4. 50 4. 50 4. 50 
33 2 . 00 2 . 60 2 . 00 2. 60 
17 1. 30 2 . 00 1. 30 2. 00 
DTC FB2 16. 30 5. 03 9. 12 5.07 25. 42 10. 10 
FC 16. 52 5. 10 9. 12 5.07 25. 64 10. 17 
FS 16. 50 5. 08 9. 12 5.07 25. 62 10. 15 
Table 7.2 CPU t ime and v i r t u a l memory requirements f o r 
i s a r i t h m genera t ion ( i n page/minute and seconds) 
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Main Run Associ ated Tota l 
Memory Time Memory Time Cost 
CONSYS 65 1.8 80.5 2 .4 24.6 109 
33 1.3 44.3 2 .4 24.6 73 
17 1.1 32.7 2 .4 24.6 61 
GHOST 65 2.6 93.7 2 .3 23 .0 122 
33 1.4 46.7 2 .3 23 .0 73 
17 1.1 34.6 2 .3 23 .0 51 
GINOSURF 65 2.5 134.7 2.2 22.4 162 
33 2.1 74.8 2.2 22.4 102 
17 1.8 58.3 2.2 22 .4 85 
GPCP 65 4 .1 197.9 2 .0 105.6 310 
33 3.6 89.6 1.5 43.7 138 
17 3.1 54.8 1.2 30.5 90 
SACM 65 2.7 121.5 124 
SURFACE I I 65 2.7 121.5 124 
33 2.1 70.2 72 
17 1.8 48.6 50 
DTC FB2 8.8 135.8 4.9 136.9 286 
FC 8.7 137.7 4.9 136.9 288 
FS 8.8 137.2 4.9 136.9 288 
Table 7 .3 CPU t ime and v i r t u a l memory costs f o r 
i s a r i t h m genera t ion ( i n pence) 
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g e n e r a t i n g c u s p s and o v e r l a p p i n g i s a r i t h m s . The e x t r a c o s t of 
u s i n g such a t e c h n i q u e ( a p p r o x i m a t e l y 50% more) i s o n l y to be 
encouraged i n medium r e s o l u t i o n g r i d s . 
A l t e r n a t i v e l y } c o s t may be g r e a t l y r educed by u t i l i s i n g a 
s m a l l e r g r i d . C o s t d e c a y s e x p o n e n t i a l l y w i t h d e c r e a s i n g g r i d 
s i z e , and t h e r e f o r e a g r i d s i z e r e d u c t i o n when c o n s i d e r i n g 
h i g h l y a u t o c o r r e l a t e d s u r f a c e s , e.g. L I A N ; and to a l e s s e r 
e x t e n t INCH^ i s b e n e f i c i a l and would a l l o w a s u p e r i o r package 
to be u t i l i s e d f o r the same c o s t . 
T h e r e f o r e , i n c o n s i d e r i n g the optimum g r i d s i z e r e q u i r e d 
b e f o r e g r i d - t o - i s a r i t h m i n t e r p o l a t i o n i s a t t e m p t e d ^ t h e u s e r 
must c o n s i d e r s e v e r a l p o i n t s . He must c o n s i d e r } 
a. which a l g o r i t h m w i l l be used and whether i t i n c l u d e s 
smoothing. 
b. the smoothness of the s u r f a c e - a smooth s u r f a c e may 
a l l o w a c o a r s e r g r i d r e s o l u t i o n . 
c. the n a t u r e of the s u r f a c e - whether i t c o n t a i n s 
m i c r o - f e a t u r e s which may be l o s t i f too c o a r s e a g r i d 
r e s o l u t i o n i s used* The g r i d r e s o l u t i o n s h o u l d be h a l f the 
s m a l l e s t w a v e l e n g t h of a f e a t u r e -
d. the c o s t and s t o r a g e l i m i t a t i o n s both i n 
random-to-grid and g r i d - t o - i s a r i t h m i n t e r p o l a t i o n - both 
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i n c r e a s e d r a m a t i c a l l y w i t h i n c r e a s i n g g r i d r e s o l u t i o n -
7.3 RANDOM-TO-ISARITHM 
Ra n d o m - t o - l s a r l t h m i n t e r p o l a t i o n was s t u d i e d u s i n g DTC to 
g e n e r a t e i s a r i t h m s of the v a r i o u s p o i n t d a t a s e t s . 
U n f o r t u n a t e l y , as d i s c u s s e d i n A l . 4 - 6 , the 'GRID' p o i n t d a t a 
s e t s c o u l d not be used w i t h t h i s program. Only e l e v e n d a t a 
s e t s were t h e r e f o r e p r o c e s s e d u s i n g DTC. Throughout no 
smoothing of i s a r i t h m s was a p p l i e d . 
7.3.1 G r a p h i c a l E v a l u a t i o n 
Three o v e r l a y i s a r i t h m maps were p r e p a r e d ( s e e F i g u r e s 7.19 
to 7.21) u s i n g the c o l o u r and l i n e t y p e s as s p e c i f i e d i n T a b l e 
7. l b . 
I n g e n e r a l , the m a c r o - f e a t u r e s of a l l t h r e e models a r e 
p r e s e n t e d a t the expense of o v e r - g e n e r a l i s e d m i c r o - f e a t u r e s . 
I n INCH, e x c l u d i n g some a m b i g u i t i e s (35 and 36) w i t h CONTOUR 
d a t a , a l l d a t a s e t s g e n e r a t e i s a r i t h m s of r e a s o n a b l e q u a l i t y -
SCATTER i s p a r t i c u l a r l y s u c c e s s f u l ( 3 6 ) . The r e s t of the map 
a r e a i s a d e q u a t e l y r e p l i c a t e d w i t h the e x c e p t i o n s of BREAKLINE 
( 3 7 ) , the c o r r i e ( 3 8 ) - w h i c h i s t r a c e d i n f o u r c o m p l e t e l y 
d i f f e r e n t ways - and RIVER d a t a , w h i c h a s e x p e c t e d , 
o v e r - g e n e r a l i s e away from the r i v e r s . M i c r o - f e a t u r e s a r e 
v i r t u a l l y n o n - e x i s t e n t w i t h the e x c e p t i o n of f o u r d i f f e r e n t 
i n t e r p r e t a t i o n s of the s u r f a c e a t 39, 
As w i t h g r i d - t o - i s a r i t h m I n t e r p o l a t i o n ? LIAN d a t a p e r f o r m 
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a d e q u a t e l y w e l l . While the main h i g h l y a u t o c o r r e l a t e d 
m a c r o - f e a t u r e s a r e e a s i l y r e p l i c a t e d , problems o c c u r w i t h the 
m i c r o - f e a t u r e s (e.g- 40, 41 and 42) and o n l y BREAKLINE and 
SCATTER d a t a p e r f orm s u f f i c i e n t l y w e l l i n t h e s e p l a c e s . 
W i t h i n FORV, SCATTER d a t a a r e g e n e r a l l y s u c c e s s f u l f o r both 
macro- and m i c r o - r e l i e f (&g. 4 3 ) ; CONTOUR d a t a ? w h i l e 
s u c c e s s f u l l y d e f i n i n g m a c r o - r e l i e f , have d i s t i n c t problems w i t h 
m i c r o - r e l i e f (43 and 4 4 ) ; and BREAKLINE d a t a have problems w i t h 
both a s p e c t s (43 and 4 5 ) . 
As a r e s u l t of the s i z e of t h e d a t a s e t s i n v o l v e d 
( a p p r o x i m a t e l y 250 p o i n t s o n l y w i t h i n the map b o r d e r s ) , the 
i s a r i t h m s i n g e n e r a l tend to be a n g u l a r . RIVER d a t a a r e 
e s p e c i a l l y so i n both LIAN and INCH s i n c e most p o i n t s a r e 
c o n f i n e d to v e r y l i m i t e d a r e a s ( s e e F i g u r e 3 . 4 ) . However, 
a n g u l a r i t y and l i n e a r i t y cannot be d i r e c t l y c o r r e l a t e d w i t h 
the NNS, as CONTOUR d a t a i n LIAN ( 1 . 3 4 0 ) and INCH ( 1 . 2 5 1 ) 
appear worse i n t h i s r e s p e c t than BREAKLINE d a t a (LIAN -
1.050, INCH - 1 0 9 4 ) . 
A m b i g u i t i e s r e p r e s e n t a s e r i o u s problem^ e s p e c i a l l y w i t h 
l i n e a r l y - d e r i v e d d a t a . SCATTER and RIVER d a t a p e r f orm 
s a t i s f a c t o r i l y , h o w e v e r CONTOUR and BREAKLINE d a t a produce 
d i s t i n c t a s s o c i a t e d e f f e c t s . W i t h i n CONTOUR d a t a , the 'T 
e f f e c t i s v i s i b l e (INCH-39, LIAN-41 and FORV-44). T h i s i s a 
r e s u l t of the o c c u r r e n c e of a s e r i e s of p o i n t s w i t h a " z " 
v a l u e e q u i v a l e n t to the i s a r i t h m b e i n g g e n e r a t e d . T h r e a d i n g i s 
s a t i s f a c t o r y u n t i l a n o t h e r p o i n t of s i m i l a r 'z' v a l u e I s 
d i s c o v e r e d o f f the main l i n e . The i s a r i t h m i s then t h r e a d e d 
out to the p o i n t ( t e c h n i c a l l y i n one t r i a n g l e ) and back 
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( t e c h n i c a l l y i n the c o n t i g u o u s t r i a n g l e ) . U n f o r t u n a t e l y , s i n c e 
the two common v e r t i c e s have an e q u i v a l e n t ' z ' to the i s a r i t h m 
l e v e l , t h i s r e s u l t s i n a 'T'. A 'DOUBLE LOOP' e f f e c t (INCH-36 
and -46) i s a m u t a t i o n of t h i s , where a t l e a s t two v e r t i c e s 
a r e i n c l u d e d i n t h e s u b s i d i a r y l o o p . The i s a r i t h m may not 
r e t r a c e i t s e x a c t p a t h , but a t some s t a g e I t w i l l p a s s through 
a p o i n t which has a l r e a d y been v i s i t e d . Both e f f e c t s a r e a 
d i r e c t r e s u l t of t h r e a d i n g i s a r i t h m s through a s e r i e s of 
p o i n t s w i t h s i m i l a r ' z ' v a l u e s . 
A 'FIGURE-OF-EIGHT' e f f e c t o c c u r s f r e q u e n t l y i n BREAKLINE 
d a t a (FORV-43, LIAN-40) a l t h o u g h i t may o c c u r i n CONTOUR d a t a 
( I N CH-35). T h i s i s t h e r e s u l t of a v e r t e x ( w h i c h has an 
e q u i v a l e n t ' z ' v a l u e to the i s a r i t h m l e v e l ) b e i n g i n v o l v e d i n 
two u n r e l a t e d I s a r i t h m s w h i c h both p a s s through the same 
v e r t e x . 
E x a m i n i n g f i n a l l y the p o s s i b i l i t i e s of r e p l i c a t i n g the 
r e f e r e n c e i s a r i t h m s u s i n g the v a r i o u s d a t a s e t s , i t i s 
a p p a r e n t t h a t SCATTER d a t a c o n s i s t e n t l y d e l i n e a t e both macro-
and m i c r o - r e l i e f w i t h the r e q u i r e d smoothness and no 
a m b i g u i t i e s . CONTOUR and BREAKLINE d a t a produce g e n e r a l l y 
a c c e p t a b l e p r o d u c t s , a l t h o u g h t h e r e a r e o c c a s i o n a l g r o s s 
b l u n d e r s . RIVER d a t a l e a d to s e v e r e a n g u l a r i t y away from 
v a l l e y s . I n a d d i t i o n , the v a l l e y s , even though the p o i n t s a r e 
c l u s t e r e d w i t h i n them ; a r e not p r o p e r l y d e f i n e d . The l a r g e , 
w i t h i n - d a t a s e t d i s c r e p a n c i e s a r e c l e a r l y v i s i b l e from a 
c u r s o r y g l a n c e a t the o v e r l a y maps and s u g g e s t the 
u n s a t i s f a c t o r y n a t u r e of t h i s t e c h n i q u e g i v e n such a h i g h l y 
d a t a - b i a s s e d r e s u l t . 
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7.3.2 Geometric A c c u r a c y 
A d e t a i l e d e x a m i n a t i o n of the v a r i o u s methods of 
e s t a b l i s h i n g the g e o m e t r i c a c c u r a c y of the i s a r i t h m s was 
performed s i m i l a r to the g r i d - t o - i s a r i t h m s t u d y . The r e s u l t s 
a r e summarised ( f o r c o r r e l a t i o n s ) i n F i g u r e s 7.22 to 7.24; 
( f o r p o s i t i o n and e l e v a t i o n e r r o r s ) i n F i g u r e 7. 25 and ( f o r 
Koppe f o r m u l a e ) i n F i g u r e 7.26. 
7 3.2.1 C o r r e l a t i o n S t a t i s t i c s 
The l s a r i t h m c o r r e l a t i o n summary graphs s u p p o r t p r e v i o u s l y 
o u t l i n e d t h e o r i e s c o n c e r n i n g t h i s method of a c c u r a c y 
e v a l u a t i o n and the l i k e l y I n t e r p o l a t i o n a c c u r a c i e s of the d a t a 
s e t s . The I m p o r t a n c e of the i s a r i t h m s c o n t a i n i n g 60 - 65% of 
the a r e a i s u n d e r l i n e d i n a l l t h r e e f i g u r e s , w i t h maximum 
e r r o r o c c u r r i n g a t t h e s e l e v e l s . There i s s i m i l a r l y a s t r o n g 
c o r r e l a t i o n between the i s a r i t h m c o r r e l a t i o n c o e f f i c i e n t s and 
the summary d a t a a u t o c o r r e l a t i o n s t a t i s t i c s a s o u t l i n e d i n 
'VECT' i n T a b l e 4.3. A d d i t i o n a l l y , w i t h i n e ach model, t h e r e I s 
a s t r o n g c o r r e l a t i o n between NNS - one of the p o w e r f u l 
r a n dom-to-grid p r e d i c t o r s - and i s a r i t h m c o r r e l a t i o n . 
With r e l e v a n c e to the p r e v i o u s s e c t i o n ? a unique s i g n a l f o r 
e a c h d a t a type i s v i s i b l e i n the l o w e s t graphs d e s c r i b i n g the 
a r e a s i n s i d e the r e f e r e n c e , y e t o u t s i d e the i n t e r p o l a t e d 
i s a r i t h m s and v i c e v e r s a . I n g e n e r a l use of BREAKLINE and 
CONTOUR d a t a a l w a y s l e a d s to i n t e r p o l a t e d I s a r i t h m s w h i c h a r e 
l ower and t h e r e f o r e o u t s i d e the r e f e r e n c e I s a r i t h m s . 
C o n v e r s e l y , use of RIVER d a t a c o n s i s t e n t l y l e a d s to 
i n t e r p o l a t e d i s a r i t h m s which a r e too h i g h . Use of SCATTER d a t a 
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Figure 7.22 Random-to-isarithm correlation s ta t i s t i cs (INCH) 
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Figure 7.23 Random-to-isarithm correlation s ta t i s t i cs (LIAN) 
BREAKLINES 0.980 RIVERS 0.971 









CONTOURS 0.961 SCATTERED 0.981 
1.00 t.oo 





















7 8 I 










r r 8 8 1 
4 9 5 



























a LT LP. I Q 
4 9 6 





— 0 — 




0.0 0.2 0.4 0.6 0.8 1.0 
- 5 
INCH 
0.0 0.2 0.4 0. 6 1.0 
497 
l e a ds t o a more balanced d i s t r i b u t i o n o f e r r o r , a l t h o u g h the 
i s a r l t h m s e r r m a r g i n a l l y on the low s i d e . 
7.3 2.2 P o s i t i o n And E l e v a t i o n E r r o r 
As i n g r i d - t o - i s a r i t h m i n t e r p o l a t i o n ^ t h e r e i s a s t r o n g 
s i m i l a r i t y between the p o s i t i o n and e l e v a t i o n e r r o r s . T h i s 
suggests t h a t e r r o r i s s i m i l a r l y d i s t r i b u t e d across v a r y i n g 
g r a d i e n t s w i t h the e x c e p t i o n o f FORV-SCATTER, where the 
m a j o r i t y o f e r r o r appears t o be on l o w - g r a d i e n t s l o p e s . I n 
comparison w i t h s i m i l a r g r i d - t o - i s a r i t h m s t a t i s t i c s , use of 
a l l data s e t s leads t o comparable r e s u l t s , a l t h o u g h use of 
CONTOUR d a t a , n o t a b l y i n LIAN, p r o d u c e * s u p e r i o r r e s u l t s . T his 
i s t o be expected, s i n c e many o f the data p o i n t s and thus 
f i n a l i s a r i t h m p o i n t s c o i n c i d e w i t h p o i n t s on the r e f e r e n c e 
i s a r i t h m w i t h which they are being compared. O v e r a l l , a s t r o n g 
c o r r e l a t i o n e x i s t s between p o s i t i o n and e l e v a t i o n e r r o r s and 
the c o e f f i c i e n t o f i s a r i t h m c o r r e l a t i o n . 
W i t h r e g a r d t o the Koppe fo r m u l a e ^ use o f p o i n t data g i v e s 
r i s e t o r e s u l t s s i m i l a r t o those from t h e c o a r s e s t r e s o l u t i o n 
g r i d s . While use of LIAN data ( e x c l u d i n g RIVER) produces 
s a t i s f a c t o r y r e s u l t s , those from the use o f most FORV and INCH 
data do not f a l l w i t h i n the sta n d a r d s s p e c i f i e d . No d i s t i n c t 
p a t t e r n e x i s t s , w i t h even FORV-CONTOUR f a l l i n g w e l l o u t s i d e 
the l i m i t . 
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7.3.3 M o r p h o l o g i c a l Trueness 
7.3.3.1 D i r e c t i o n E r r o r 
As i n the use of the g r i d d e d d a t a , the d i r e c t i o n e r r o r f o r 
any model t y p e has a low v a r i a n c e . The main d e t e r m i n i n g f a c t o r 
as regards d i r e c t i o n e r r o r i s a l s o model t y p e . W i t h t h e 
e x c l u s i o n o f CONTOUR d a t a , t h e r e i s a low w i t h i n - m o d e l 
v a r i a n c e o f e r r o r , w i t h mean va l u e s o f 0.78 (INCH), 0.58 
(HAN) and 0.90 (FORV), which are comparable t o the r e s u l t s 
produced from the g r i d d e d d a t a . 
Use of CONTOUR data produces more v a r i a b l e r e s u l t s . W i t h 
LIAN d a t a , t h e m a j o r i t y o f p o i n t s which d e f i n e t h e 
i n t e r p o l a t e d i s a r i t h m s are those which were sampled from the 
r e f e r e n c e i s a r i t h m s - the e r r o r s h o u l d t h e r e f o r e be low. INCH 
and FORV data c o n t a i n much l o n g e r and more v a r i e d r e f e r e n c e 
i s a r i t h m s and t h e r e f o r e t h e i n t e r p o l a t e d i s a r i t h m s do not 
s i m p l y t r a c e t h r o u g h the p o i n t s t h a t were sampled from the 
r e f e r e n c e I s a r i t h m s . Hence t p r o d u c t i o n o f the INCH- and 
F0RV-C0NT0UR i s a r i t h m s has i n v o l v e d more between-data p o i n t 
i n t e r p o l a t i o n t o generate the i s a r i t h m s - thus r e s u l t i n g i n 
d i r e c t i o n e r r o r c l o s e r t o t h a t computed from the o t h e r data 
s e t s , but m a r g i n a l l y l o w e r . 
7 3.3-2 C u r v a t u r e E r r o r 
C u r v a t u r e e r r o r i n these examples i s more d i f f i c u l t t o 
e x p l a i n . Use of CONTOUR data leads t o v e r y low e r r o r as a 
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r e s u l t o f the h i g h c o r r e l a t i o n between data p o i n t s and p o i n t s 
on the r e f e r e n c e i s a r i t h m s . N o t i c e a b l y ^ t h i s i s w o r s t f o r FORV 
which i s l i k e l y t o c o n t a i n the most p o i n t s which are not data 
p o i n t s w i t h i n t h e i n t e r p o l a t e d i s a r i t h m s . The e r r o r s a r i s i n g 
from the use of o t h e r data s e t s are more v a r i a b l e and do not 
appear t o f o l l o w any f i x e d p a t t e r n . 
7.3.4 C o n c l u s i o n On Random-to-isarithm Procedures 
I n g e n e r a l ? the v a r i o u s accuracy s t a t i s t i c s suggest t h a t 
d i r e c t r a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n d i s p l a y s the 
c h a r a c t e r i s t i c s o f bo t h g r i d - t o - i s a r i t h m and r a n d o m - t o - g r i d 
i n t e r p o l a t i o n . The v a r i o u s forms o f accuracy may a l s o be 
d i r e c t l y a s s o c i a t e d w i t h c h a r a c t e r i s t i c s o f the data s u r f a c e s 
under i n v e s t i g a t i o n . 
a. Geometric accuracy (as expressed by p o s i t i o n and 
e l e v a t i o n e r r o r s and i s a r i t h m c o r r e l a t i o n c o e f f i c i e n t s ) i s 
s t r o n g l y c o r r e l a t e d w i t h s u r f a c e a u t o c o r r e l a t i o n as d e f i n e d 
i n 'VECT'. W i t h i n model t y p e , i t i s a l s o s t r o n g l y 
c o r r e l a t e d w i t h NNS. 
b. M o r p h o l o g i c a l t r u e n e s s (as expressed by d i r e c t i o n 
e r r o r ) i s c o r r e l a t e d w i t h s u r f a c e a u t o c o r r e l a t i o n ^ a l t h o u g h 
the r e s u l t s are s t r o n g l y a s s o c i a t e d w i t h those o b t a i n e d 
from the use of g r i d d e d d a t a . 
c. The r e s u l t s c l o s e l y mimic 
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o f comparably s i z e d g r i d d e d data (between medium and coarse 
g r i d s ) . 
I n g e n e r a l , use of each data type g e n e r a t e s i t s own unique 
s i g n a l i n terms o f a l l g e o m e t r i c e r r o r s , w i t h t h e e x c l u s i o n o f 
Koppe f o r m u l a e . Use of CONTOUR data produces g e n e r a l l y 
h i g h - a c c u r a c y r e s u l t s (see L i n d i g e r r o r s ) , a l t h o u g h i t o f t e n 
i n c l u d e s a m b i g u i t i e s (see o v e r l a y s ) and g e n e r a l l y i n t e r p o l a t e s 
h i g h and produces poor e r r o r s t a t i s t i c s w i t h g e n e r a l l y 
s t r a i g h t l i n e i s a r i t h m s . Though use of bo t h SCATTER and 
BREAKLINE data produces r e s u l t s of a s i m i l a r accuracy and 
i n t e r p o l a t i n g s l i g h t l y l o w ? use of SCATTER data however 
produces a s u p e r i o r g r a p h i c a l p r o d u c t w i t h fewer a m b i g u i t i e s . 
The advent o f a m b i g u i t i e s from the use o f CONTOUR and 
BREAKLINE data u n d e r l i n e s a major problem w i t h such l i n e a r l y 
d e r i v e d d a t a . Use o f RIVER data leads t o v a l u e s which a re 
s y s t e m a t i c a l l y i n t e r p o l a t e d low; t h i s i s an i n h e r e n t aspect o f 
the data as di s c u s s e d e a r l i e r . 
F i n a l l y ^ r un c o s t s are summarised i n Tables 7.2 and 7.3. 
While t o t a l c o s t s may be q u i t e l a r g e as compared w i t h 
g r i d - t o - i s a r i t h m i n t e r p o l a t i o n programs^ i t sh o u l d be 
remembered t h a t h a l f of the t o t a l c o s t i s d e r i v e d from 
c o m p i l i n g t h e program and t h e r e f o r e would n o t e x i s t i n a 
p r o d u c t i o n environment as the compiled form would be s t o r e d . 
A d d i t i o n a l l y ^ t h i s c o s t s h o u l d , o f co u r s e , be c o n s i d e r e d more 
c o r r e c t l y w i t h r e f e r e n c e t o the accumulated r a n d o m - t o - g r i d and 




Throughout c h i s t h e s i s the two b a s i c methods o f i s a r i t h m 
g e n e r a t i o n from p o i n t d ata ( r a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n 
and r a n d o m - t o - g r i d f o l l o w e d by g r i d - t o - i s a r i t h m i n t e r p o l a t i o n ) 
have been kept s e p a r a t e . However, by u s i n g L i n d i g - d e r i v e d 
s t a t i s t i c s and by c o n s i d e r i n g t h e r e l e v a n t o v e r l a y p l o t s , 
these two d i f f e r i n g s o l u t i o n s can be c o n s i d e r e d . For the 
purpose o f t h i s e x a m i n a t i o n , g r i d - t o - i s a r i t h m i n t e r p o l a t i o n 
was performed on the g r i d s i n t e r p o l a t e d f r o m the p o i n t data 
s e t s by m u l t i q u a d r i c a n a l y s i s ( t h e o v e r a l l optimum method o f 
r a n d o m - t o - g r i d i n t e r p o l a t i o n ) . I n o r d e r t o p r o v i d e a s i m i l a r l y 
smoothed r a n d o m - t o - i s a r i t h m p l o t f o r comparison, t he 
p o s t - t h r e a d i n g smoothing r o u t i n e o f Akima (1974a, 1974b) was 
u t i l i s e d (as di s c u s s e d i n A l . 4 . 6 ) w i t h i n the 
r a n d o m - t o - i s a r i t h m program DTC. Summary o v e r l a y p l o t s ( d e r i v e d 
f rom use of the FORV data s e t s ) a re shown i n F i g u r e s 7.27 and 
7.28 7 Koppe p l o t s f o r each method are shown i n F i g u r e s 7.29 
and 7.30 and the L i n d i g e r r o r s are summarised i n F i g u r e s 7.31 
and 7.32. 
From an e x a m i n a t i o n o f the o v e r l a y i s a r i t h m p l o t s w i t h 
those from t h e p o i n t data ( w i t h o u t s m o o t h i n g ) , i t i s c l e a r 
t h a t the m u l t i q u a d r i c ( g r i d - d e r i v e d ) i s a r l t h m s are more 
a e s t h e t i c and appear o f s u p e r i o r a c c u r a c y . Small a m b i g u i t i e s 
i n non-smoothed DTC i s a r i t h m s (as d i s c u s s e d e a r l i e r ) have 
become exaggerated when p o s t - t h r e a d i n g smoothing i s p e r f o r m e d ; 
p r o v i d i n g s e v e r a l extreme c r o s s i n g i s a r i t h m s . 
Examining the Koppe p l o t s ( F i g u r e s 7-29 and 7.30), i t i s 
apparent t h a t both methods o f i s a r i t h m i n t e r p o l a t i o n are 
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Figure 7.32 Random-to-isarithm (multiquadri c derived gr id) 
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c o n s i s t e n t l y i n f e r i o r to the unsmoothed DTC i s a r i t h r a s . 
O v e r a l l , smoothed r a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n p erforms 
b e t t e r w i t h INCH d a t a ( m a c r o - f e a t u r e s ) , w h i l e the 
m u l t i q u a d r i c - d e r i v e d i s a r i t h m s a r e s u p e r i o r i n FORV 
( m i c r o - f e a t u r e s ) and to a l e s s e r e x t e n t i n LIAN. 
As r e g a r d s L i n d i g e r r o r s ( F i g u r e s 7.31 and 7 . 3 2 ) , a l l t h r e e 
methods g e n e r a t e s i m i l a r p o s i t i o n and e l e v a t i o n e r r o r s . 
S i g n i f i c a n t l y ? as e s t a b l i s h e d w i t h the g r i d - t o - i s a r i t h m 
i n t e r p o l a t i o n ^ p o s t - t h r e a d i n g smoothing g e n e r a t e s i s a r i t h m s 
w i t h p o o r e r m o r p h o l o g i c a l t r u e n e s s t h a n w i t h o u t smoothing. 
M u l t i q u a d r i c - d e r i v e d i s a r i t h m s p e r f o rm comparably to the 
smoothed i s a r i t h m s , a l t h o u g h the c u r v a t u r e e r r o r i s 
s i g n i f i c a n t l y p o o r e r . 
T h e r e f o r e , remembering t h a t m u l t i q u a d r i c a n a l y s i s was the 
optimum method of r a n d o m - t o - g r i d i n t e r p o l a t i o n , i t must be 
assumed t h a t any o t h e r method of r a n d o m - t o - g r i d i n t e r p o l a t i o n 
w i l l produce i n f e r i o r i s a r i t h m s . While g r i d - d e r i v e d i s a r i t h m s 
may produce an a e s t h e t i c a l l y s u p e r i o r p r o d u c t , i s a r i t h m s 
g e n e r a t e d by r a n d o m - t o - i s a r i t h m methods, whether w i t h or 








S e v e r a l c o n c l u s i o n s may be drawn from t h i s r e s e a r c h w i t h 
r e l a t i o n to e s t a b l i s h i n g d a t a and s u r f a c e c h a r a c t e r i s t i c s , 
r a n d o m - t o - g r i d i n t e r p o l a t i o n and i s a r i t h m i n t e r p o l a t i o n . W h i l e 
the main purpose of t h i s r e s e a r c h was to c o n s i d e r t h e s e p u r e l y 
i n terms of computer i s a r i t h m g e n e r a t i o n ; i t has been shown 
t h a t t h e s e a s p e c t s a r e of r e l e v a n c e to m u l t i - d i s c i p l i n a r y 
d i g i t a l m o d e l l i n g a p p l i c a t i o n s ( s e e 2 . 2 ) . 
8.1.1 Data And S u r f a c e C h a r a c t e r i s t i c s 
I n e v a l u a t i n g the d e s c r i p t o r s , f o u r p e r t i n e n t p o i n t s were 
s u g g e s t e d i n 4.4. 
a . S u r f a c e d i s c r i m i n a t i o n . W h i l e a summary of a l l 
d e s c r i p t o r s p r o v i d e s unique i d e n t i f i e r s f o r each s u r f a c e , 
t h e s e a r e o f t e n c o n f l i c t i n g . A u t o c o r r e l a t i o n d e s c r i p t o r s 
a r e l a r g e l y s c a l e - i n d e p e n d e n t and t h e r e f o r e s u g g e s t an 
o r d e r of roughness - the s u r f a c e s r e p r e s e n t e d by the FORV 
d a t a ( b e i n g d i s t i n c t from t h o s e r e p r e s e n t e d by INCH and by 
LIAN d a t a ) . The s c a l e - d e p e n d e n t i d e n t i f i e r s ( s u r f a c e a r e a 
and v e c t o r d i s p e r s i o n a n a l y s i s ) s u g g e s t INCH s u r f a c e s to be 
d i s t i n c t l y rougher than t h o s e of LIAN and FORV. S c a l e -
v a r i a n c e s u g g e s t s a s i m i l a r o r d e r , w i t h t h o s e of LIAN and 
FORV d i s t i n c t . 
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b. Data s e t d i s c r i m i n a t i o n . C o n s i s t e n c y of d a t a s e t 
d e s c r i p t o r s d e c r e a s e s w i t h s c a l e dependency. NNS i s b e s t , 
a l t h o u g h a r e a l - and to a l e s s e r e x t e n t , t w o - d i m e n s i o n a l 
* 
a u t o c o r r e l a t i o n p r o v i d e good d e s c r i m i n a t o r s . S u r f a c e a r e a 
and v e c t o r d i s p e r s i o n a n a l y s i s a r e poor and h i g h l y v a r i a b l e 
d e s c r i p t o r s . 
c• C o n s i s t e n c y of the o b s e r v e d and i n t e r p o l a t e d g r i d 
d e s c r i p t o r s . I n g e n e r a l ^ t h e r e i s good c o n s i s t e n c y between 
the d e s c r i p t o r s d e r i v e d from the i n t e r p o l a t e d and 
s i m i l a r l y - s i z e d o b s e r v e d g r i d s . T h i s a l l o w s e a s y 
i d e n t i f i c a t i o n of s u r f a c e type and i s n o t i c e a b l y s u c c e s s f u l 
w i t h s c a l e - v a r i a n c e a n a l y s i s . 
d. C o n s i s t e n c y of the d e s c r i p t o r s . T h i s i s c o n s i d e r a b l e , 
w i t h the e x c e p t i o n of s u r f a c e a r e a a n a l y s i s i n w h i c h the 
two s i z e s of d a t a s e t s and the g r i d d e d d a t a g i v e 
s i g n i f i c a n t l y d i f f e r i n g r e s u l t s . 
O v e r a l l , a u t o c o r r e l a t i o n , s c a l e - v a r i a n c e , NNS and v e c t o r 
d i s p e r s i o n a n a l y s i s a r e good d e s c r i p t o r s w h i c h might a l s o be 
used to s u c c e s s f u l l y d e s c r i b e n o n - t o p o g r a p h i c s u r f a c e s and 
v a r i o u s d a t a s e t s . 
8 . 1 2 Random-to-grid I n t e r p o l a t i o n 
V a r i o u s c o n c l u s i o n s have been made w i t h r e g a r d to 
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r andom-to-grid i n t e r p o l a t i o n . I t s h o u l d be remembered t h a t , 
w h i l e t h e s e c o n c l u s i o n s a r e c o n s i d e r e d s e p a r a t e l y , f o r the 
pu r p o s e s of s e l e c t i o n of method or d a t a , they s h o u l d be 
c o n s i d e r e d t o g e t h e r . 
8.1.2.1 Performance 
There a r e s e v e r a l c o n c l u s i o n s to be made w i t h r e g a r d to the 
performance of the v a r i o u s a s p e c t s of r a n d o m - t o - g r i d 
i n t e r p o l a t i o n . 
a . W i t h i n p o i n t w i s e i n t e r p o l a t i o n , t h e r e i s l i t t l e 
d i f f e r e n c e between the r e l a t i v e p e r f o r m a n c e s of v a r i o u s 
s e a r c h a l g o r i t h m s . Quadrant-based s e a r c h e s a r e g e n e r a l l y 
s u p e r i o r , e s p e c i a l l y f o r h i g h l y c o r r e l a t e d d a t a , a l t h o u g h a 
v a r i a b l e r a d i u s method i s s u p e r i o r f o r low c o r r e l a t e d d a t a . 
O c t a n t s e a r c h i n g i s s i m i l a r to q u a d r a n t a l t h o u g h , b e c a u se 
i t f i n d s more d i s t a n t p o i n t s , i t i n t e r p o l a t e s p o o r e r 
r e s u l t s w i t h the d a t a s e t s c o n s i d e r e d . S i m i l a r l y , a s i m p l e 
'n' n e a r e s t neighbour s e a r c h i s p o o r e r t h a n a v a r i a b l e 
r a d i u s s e a r c h . Whichever s e a r c h method i s u s e d , i t must be 
g u a r a n t e e d to f i n d a minimum number of p o i n t s s u f f i c i e n t 
f o r the f u n c t i o n and f i t or e l s e s e r i o u s problems may 
r e s u l t (e.g. as i n GROT). 
b. I n g e n e r a l , w e i g h t i n g f u n c t i o n s based s o l e l y on 
d i s t a n c e p r o v i d e s i m i l a r r e s u l t s . Where NNSs a r e s i m i l a r > 
a u t o c o r r e l a t i o n f u n c t i o n s a r e u s e f u l i n d i c a t o r s of the form 
of such f u n c t i o n s a l t h o u g h ^ i n g e n e r a l ^ h i g h e r NNSs s u g g e s t 
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the r e q u i r e m e n t f o r s l o w e r decay w e i g h t i n g f u n c t i o n s -
A more s i g n i f i c a n t a s p e c t of w e i g h t i n g i s d i r e c t i o n 
w e i g h t i n g , as used i n SYMAP. N o t w i t h s t a n d i n g the poor 
r e s u l t s from SYMAP ( w h i c h a r e p r o b a b l y due to o t h e r f a c t o r s 
d e s c r i b e d e a r l i e r ) , i t s i n c l u s i o n c o n t r o l s and m i n i m i s e s 
the e f f e c t of poor p o i n t d i s t r i b u t i o n s ^ e s p e c i a l l y c l u s t e r s 
and v o i d s • 
c . W i t h i n p o i n t w i s e i n t e r p o l a t i o n , where a two- s t a g e 
i n t e r p o l a t i o n i s used i n v o l v i n g a w e i g h t e d a v e r a g e of d a t a 
s u r f a c e s ( e j j . GPCP) , extremes a r e l i k e l y to o c c u r where the 
NNS i s l e s s t h a n about 1.15 and t h e r e i s low 
a u t o c o r r e l a t i o n i n the d a t a . T h i s i s e s p e c i a l l y so i f 
l i n e a t e d d a t a a r e used and may be c o n t r o l l e d by 
c o n s t r a i n i n g the v a l u e s d e r i v e d from the d a t a s u r f a c e s (e.g. 
as i n SYMAP). 
d. G e n e r a l l y , q u a d r a t i c f u n c t i o n s a r e i d e a l i n s u r f a c e 
i n t e r p o l a t i o n , e,g. m u l t i q u a d r i c a n a l y s i s . However, when 
used i n c o n j u n c t i o n w i t h p o i n t w i s e i n t e r p o l a t i o n , o n l y d a t a 
s e t s w i t h a NNS g r e a t e r than about 1.050 ( 4 - t e r m p a r a b o l a ) 
and 1.350 ( 6 - t e r m p a r a b o l a ) s h o u l d be u s e d ; and s t r o n g l y 
l i n e a t e d d a t a s h o u l d be a v o i d e d . 
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e. K r i g i n g i s g e n e r a l l y a s u p e r i o r method of 
i n t e r p o l a t i o n where the d a t a d i s t r i b u t i o n i s a d e q u a t e . 
However, i t i s a v e r y s e n s i t i v e method, s u s c e p t i b l e to 
e r r o r i n a r e a s of e x t e n s i v e d a t a v o i d s . 
f . S i m i l a r l y , p a t c h w i s e p o l y n o m i a l i n t e r p o l a t i o n i s 
g e n e r a l l y an e f f i c i e n t and good i n t e r p o l a t o r e x c e p t i n 
a r e a s where d a t a a r e p o o r l y d i s t r i b u t e d (ej$. the edge of 
a r e a under i n t e r e s t and i n d a t a v o i d s ) . I t s pe r f o r m a n c e i s 
s t r o n g l y r e l a t e d to s u r f a c e morphology. 
g. SACM and m u l t i q u a d r i c a n a l y s i s were the most a c c u r a t e 
and r e l i a b l e methods used, m a i n l y b e c a u s e they used s i m p l e 
f u n c t i o n s ( l i n e a r and q u a d r a t i c r e s p e c t i v e l y ) and 
c o n s t r a i n e d t h e f u n c t i o n s , throughout, from the d a t a p o i n t s 
d i r e c t l y ( m u l t i q u a d r i c ) or by b u i l d i n g on w e l l - d e f i n e d 
i n t e r p o l a t e d v a l u e s (SACM). 
h. G l o b a l h i g h - o r d e r p o l y n o m i a l f u n c t i o n s , w h i l s t of use 
i n t r e n d s u r f a c e a n a l y s i s , a r e poor i n t e r p o l a t o r s . 
8.1.2.2 P r o c e s s i n g C o n s i d e r a t i o n s 
A s s o c i a t e d w i t h the s t a t i s t i c a l performance of the v a r i o u s 
i n t e r p o l a t i o n methods a r e the r e s t r i c t i o n s c a u s e d by any 
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p r o c e s s i n g r e q u i r e m e n t s . On c o n s i d e r i n g r e l a t i v e c o s t and 
memory r e q u i r e m e n t s , i t i s a p p a r e n t t h a t k r i g i n g i s e x p e n s i v e , 
w h i l e SURFACE I I GRAPHICS, p a t c h w i s e i n t e r p o l a t i o n ( e i t h e r 
BRAILE or SACM) and even SYMAP a r e s u i t a b l e w i t h most 
w e l l - d i s t r i b u t e d d a t a s e t s . M u l t l q u a d r i c a n a l y s i s , a s a r e s u l t 
of e x t e n s i v e CPU and memory r e q u i r e m e n t s , s h o u l d be r e s t r i c t e d 
to work r e q u i r i n g h i g h a c c u r a c y r e s u l t s from p o o r l y 
d i s t r i b u t e d d a t a . 
8.1.2.3 Data C o n s i d e r a t i o n s 
I n a d d i t i o n to the s t a t i s t i c a l and p r o c e s s i n g l i m i t a t i o n s 
of a p a r t i c u l a r i n t e r p o l a t i o n method, the e f f e c t s of the d a t a 
w i t h i n the i n t e r p o l a t i o n p r o c e s s must be c o n s i d e r e d . These c a n 
be b r o a d l y s e p a r a t e d i n t o d a t a d i s t r i b u t i o n p r o p e r t i e s and 
s u r f a c e c h a r a c t e r i s t i c p r o p e r t i e s . 
An i m p o r t a n t d a t a d i s t r i b u t i o n p r o p e r t y i s d e s c r i b e d by the 
NNS. Gr i d d e d d a t a (NNS = 2.0) a l w a y s g i v e s u p e r i o r r e s u l t s . I n 
the d a t a s e t s u s e d , c o n t o u r - d e r i v e d d a t a (NNS ° 1.3) and 
g e n e r a l l y e v e n l y s c a t t e r e d d a t a (NNS - 1.15) produce 
s a t i s f a c t o r y r e s u l t s i n most c a s e s . E q u a l l y , b r e a k l i n e - d e r i v e d 
d a t a (NNS - 1 1 ) and r i v e r d a t a (NNS - 0.8) used gave 
p a r t i c u l a r l y poor r e s u l t s w i t h most i n t e r p o l a t i o n methods, 
a l t h o u g h b r e a k l i n e - d e r i v e d d a t a can produce s a t i s f a c t o r y 
r e s u l t s w i t h SACM and m u l t i q u a d r i c a n a l y s i s . I n a d d i t i o n , the 
performances of the q u a d r a t i c and more complex p o i n t w i s e 
t e c h n i q u e s and o f the g l o b a l and o n e - s t a g e p a t c h w i s e t e c h n i q u e s 
a r e a l s o r e l a t e d to the s u r f a c e - r a n d o m / s p e c i f i c n a t u r e of the 
d a t a . P o o r l y d i s t r i b u t e d l i n e a t e d s u r f a c e - s p e c i f i c d a t a s h o u l d 
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be a v o i d e d w i t h i n the p r o c e d u r e s t e s t e d , e s p e c i a l l y where 
d i r e c t i o n a l w e i g h t i n g or s e a r c h i n g i s not b e i n g employed* 
I n c omparison, the s u r f a c e c h a r a c t e r i s t i c p r o p e r t i e s a r e of 
s e c o n d a r y i m p o r t a n c e . I n g e n e r a l . the b e s t optimum 
i n t e r p o l a t i o n p r e d i c t o r s a r e m o s t l y a s s o c i a t e d w i t h the 
magnitude and d i s t r i b u t i o n of l o c a l s u r f a c e g r a d i e n t ( s u r f a c e 
a r e a a n a l y s i s , v e c t o r d i s p e r s i o n a n a l y s i s , p o i n t w i s e 
p o l y n o m i a l - g r a d i e n t ) . However, f o r some of the more 
s p e c i a l i s e d s e a r c h methods (OCTANT) and f u n c t i o n t y p e s 
( q u a d r a t i c and k r i g i n g ) , the a u t o c o r r e l a t i o n f u n c t i o n s p r o v i d e 
e x c e l l e n t p r e d i c t o r s . 
8.1.3 G r l d - t o - i s a r i t h m I n t e r p o l a t i o n 
V a r i o u s c o n c l u s i o n s have been r e a l i s e d w i t h r e g a r d to 
g r i d - t o - i s a r i t h m i n t e r p o l a t i o n . 
8.1.3.1 A c c u r a c y P r e d i c t i o n 
Having i n v e s t i g a t e d the v a r i o u s methods of e x p r e s s i n g the 
a c c u r a c y of i s a r i t h m s , i t i s a p p a r e n t t h a t the methods of 
p r e d i c t i n g the a c c u r a c y of i s a r i t h m s v a r y c o n s i d e r a b l y . 
a. The t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n f u n c t i o n i s an 
e x c e l l e n t p r e d i c t o r of the a c c u r a c y as e x p r e s s e d by 
s c a l e - i n d e p e n d e n t p a r a m e t e r s ( i . e . m o r p h o l o g i c a l t r u e n e s s -
d i r e c t i o n e r r o r - and g e o m e t r i c a c c u r a c y - i s a r l t h m 
c o r r e l a t i o n ) . 
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b- V e c t o r d i s p e r s i o n a n a l y s i s i s a good p r e d i c t o r of 
m o r p h o l o g i c a l t r u e n e s s - c u r v a t u r e e r r o r * 
c- S u r f a c e a r e a a n a l y s i s i s a good p r e d i c t o r f o r 
g e o m e t r i c a c c u r a c y - p o s i t i o n and e l e v a t i o n e r r o r . 
d. Koppe f o r m u l a e a r e h i g h l y v a r i a b l e and t h e r e f o r e 
d i f f i c u l t to use to p r e d i c t a c c u r a c y . 
T h e r e f o r e , I r r e s p e c t i v e of the form of the a c c u r a c y 
s t a t e m e n t , a good p r e d i c t i o n of the r e l a t i v e p e r f o r m a n c e s of 
the d a t a may be e s t a b l i s h e d i n advance by c o n s i d e r i n g the 
c h a r a c t e r i s t i c of the d a t a sample. 
8.1.3.2 Optimum Method 
Three c o n s i d e r a t i o n s must be d i s c u s s e d when d e c i d i n g which 
i s the optimum method of g r i d - t o - i s a r i t h m i n t e r p o l a t i o n . 
a. I n terms of a c c u r a c y , i s a r i t h m i n t e r p o l a t i o n 
u t i l i s i n g p a t c h w i s e p o l y n o m i a l f u n c t i o n s (e&. GPCP) i s 
c o n s i s t e n t l y s u p e r i o r ( w i t h the p o s s i b l e e x c l u s i o n of 
c u r v a t u r e e r r o r ) . E x c l u d i n g t h i s , c e n t r e - p o i n t 
t r l a n g u l a t i o n a l g o r i t h m s (e& CONSYS and GINOSURF) a r e 
s u p e r i o r w i t h smooth s u r f a c e s and d i a g o n a l t r l a n g u l a t i o n 
(e£. GHOST) and d i r e c t g r i d schemes (e.g. SACM and SURFACE 
I I GRAPHICS) a r e s u p e r i o r w i t h rough s u r f a c e s . 
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P o s t - t h r e a d i n g i s a r i t h m smoothing does not n e c e s s a r i l y 
produce more- or l e s s - a c c u r a t e i s a r i t h m s (e.g. CONSYS 
a g a i n s t GINOSURF and GHOST a g a i n s t SURFACE I I GRAPHICS). 
b. As r e g a r d s c o s t , a l l methods r e q u i r e s i m i l a r 
e x p e n d i t u r e w i t h the e x c l u s i o n of GPCP - r e q u i r i n g 
a p p r o x i m a t e l y two to t h r e e t i m e s the c o s t of the o t h e r 
p a c k a g e s , a l t h o u g h t h i s i s p a r t l y b e c a u se of a s s o c i a t e d 
c o s t s ( d a t a r e f o r m a t t i n g ) . An a d d i t i o n a l c o n s i d e r a t i o n i s 
t h a t of p o s t - t h r e a d i n g smoothing - w h i c h i n c r e a s e s the c o s t 
by a p p r o x i m a t e l y 50%. 
c . F i n a l l y , the l o g i s t i c s of u s i n g e ach method must be 
c o n s i d e r e d . SACM and SURFACE I I GRAPHICS a r e e a s i e s t to use 
s i n c e o n l y a s h o r t command f i l e must be e s t a b l i s h e d - d a t a 
b e i n g i n p u t i n a u s e r - s p e c i f i e d f o r m a t . CONSYS, GHOST and 
GINOSURF a r e s u b r o u t i n e l i b r a r i e s and t h e r e f o r e r e q u i r e a 
c a l l i n g program. GPCP i s the most d i f f i c u l t package to u s e , 
s i n c e i t r e q u i r e s p r e c i s e d a t a r e f o r m a t t i n g i n c o n j u n c t i o n 
w i t h a command f i l e . 
8.1.4 R a n d o m - t o - i s a r i t h m I n t e r p o l a t i o n 
R a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n p r o duces the e q u i v a l e n t of 
both random-to-grid and g r i d - t o - i s a r i t h m i n t e r p o l a t i o n s . 
a. G e ometric a c c u r a c y i s s t r o n g l y c o r r e l a t e d w i t h both 
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s u r f a c e a u t o c o r r e l a t i o n and the NNS f o r each of the d a t a 
s e t s . 
b. M o r p h o l o g i c a l t r u e n e s s - d i r e c t i o n e r r o r - i s 
c o r r e l a t e d w i t h s u r f a c e a u t o c o r r e l a t i o n i n a f a s h i o n v e r y 
s i m i l a r to t h a t d e r i v e d f o r g r i d d e d d a t a . 
c . C o n t o u r - d e r i v e d d a t a produce b e t t e r r e s u l t s t h a n 
s c a t t e r - and b r e a k l i n e - d e r i v e d d a t a . R i v e r - d e r i v e d d a t a 
produce poor r e s u l t s . 
d. C o s t s a r e s i m i l a r to t h o s e r e q u i r e d f o r i s a r i t h m 
i n t e r p o l a t i o n from f u l l - g r i d s i n GPCP ( t h e r e b e i n g t e n 
t i m e s more p o i n t s i n the g r i d than i n the d a t a p o i n t 
s a m p l e ) . However^ the t r u e c o s t of the a c t u a l program run 
i s s i m i l a r to the o t h e r g r i d - t o - i s a r i t h m r u n s , which 
r e p r e s e n t o n l y h a l f the t o t a l r a n d o m - t o - i s a r i t h m g e n e r a t i o n 
p r o c e s s . 
e. D i r e c t r a n d o m - t o - i s a r i t h m i n t e r p o l a t i o n would appear 
to produce i s a r i t h m s a t l e a s t as good as r a n d o m - t o - g r i d 
f o l l o w e d by g r i d - t o - i s a r i t h m i n t e r p o l a t i o n , a l t h o u g h not of 
s u c h a h i g h a e s t h e t i c q u a l i t y . 
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8.2 FUTURE RESEARCH 
From the p r e v i o u s d i s c u s s i o n , s i x t o p i c s f o r f u t u r e 
r e s e a r c h may be s u g g e s t e d . 
a . Only t h r e e s u r f a c e s have been examined w i t h i n t h i s 
t h e s i s ; more s h o u l d be i n v o l v e d to p r o v i d e a f i r m e r b a s i s 
f o r p r e d i c t i o n . 
b. S i m i l a r l y , o n l y a few d a t a t y p e s have been 
c o n s i d e r e d . The e f f e c t s of u s i n g h i g h l y l i n e a r d a t a and 
e s p e c i a l l y i r r e g u l a r , a p p r o x i m a t e and p r o g r e s s i v e g r i d s 
s h o u l d be c o n s i d e r e d . 
c . The p r e s e n t s t u d y c o n s i d e r s the d a t a s e t s and 
s u r f a c e s w i t h i n the c o n t e x t of t h e i r d i s c i p l i n e , r e l a t i v e 
d i m e n s i o n s and s c a l e . The e f f e c t s of removing 
d i m e n s i o n a l i t y c o m p l e t e l y may be e a s i l y s t u d i e d w i t h i n the 
e s t a b l i s h e d framework of r e s e a r c h . 
d. A lthough i t was o r i g i n a l l y i n t e n d e d to c o n s i d e r 
b r e a k l i n e s w i t h i n i n t e r p o l a t i o n as a m o r p h o l o g i c a l 
boundary, i t soon became c l e a r t h a t t h e a u t h o r d i d not have 
a c c e s s to a p p r o p r i a t e s o f t w a r e . The i m p o r t a n c e of u s i n g 
l i n e s or polygons to break up the s u r f a c e i n t o 
m o r p h o l o g i c a l l y s i g n i f i c a n t a r e a s p r i o r to i n t e r p o l a t i o n 
s h o u l d t h e r e f o r e be examined. 
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e* As r e g a r d s I n t e r p o l a t i o n methods examined, a major 
t e c h n i q u e not f u l l y examined was t h a t of s p l i c i n g , 
e s p e c i a l l y w i t h i n p a t c h w i s e r a n d o m - t o - g r i d i n t e r p o l a t i o n . 
f . The i m p o r t a n c e of p a t c h w i s e i n t e r p o l a t i o n , 
m u l t i q u a d r i c a n a l y s i s , d i r e c t i o n w e i g h t i n g and r e s t r a i n i n g 
e x t r e m e s has been shown w i t h i n t h e r a n d o m - t o - g r i d 
i n t e r p o l a t i o n . These a s p e c t s s h o u l d be combined w i t h i n one 
e f f i c i e n t i n t e r p o l a t i o n package. I t s h o u l d be f e a s i b l e to 
make t h i s package choose d e f a u l t s on the b a s i s of the p r i o r 
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A l COMPUTER I N S T A L L A T I O N S AND SOFTWARE U T I L I S E D 
A l . l INTRODUCTION 
T h r o u g h o u t t h i s t h e s i s , a h e a v y r e l i a n c e h a s b e e n made on 
c o m p u t i n g r e s o u r c e s . 
T h i s a p p e n d i x i s c o n c e r n e d w i t h b r i e f l y d e s c r i b i n g t h e 
h a r d w a r e u s e d a n d e x p l o r i n g t h e s o f t w a r e i n v o l v e d i n more 
d e p t h . The c o m p u t i n g f a c i l i t i e s w i l l be e x a m i n e d i n t h r e e 
b r o a d c a t e g o r i e s : c o m p u t e r i n s t a l l a t i o n s , u s e r - d e v e l o p e d 
s o f t w a r e a n d s o f t w a r e d e r i v e d e x t e r n a l t o t h i s r e s e a r c h , 
w h e t h e r a v a i l a b l e c o m m e r c i a l l y o r p u b l i c l y w i t h i n 
u n i v e r s i t i e s . 
A 1.2 COMPUTER I N S T A L L A T I O N S 
One o f t h e a s p e c t s o f m o d e r n - d a y c o m p u t i n g i s t h a t u s e r s 
c a n n o t a f f o r d t o be r e s t r i c t e d t o one s y s t e m . Due t o t h e 
n a t u r e o f r e s o u r c e s a n d e f f i c i e n c y , i n f o r m a t i o n i s o f t e n b e s t 
c o l l e c t e d on one s y s t e m ( p e r h a p s o f f - l i n e ) , may u n d e r g o 
s e v e r a l c h a n g e s o f s t o r a g e medium ( c a s s e t t e , t a p e , d i s k _ , 
d i s k e t t e ) a n d be m a n i p u l a t e d by s e v e r a l c o m p u t e r s , b e f o r e t h e 
f i n a l r e s u l t i s o b t a i n e d i n t h e f i n a l f o r m . The u s e r m u s t be 
p r e p a r e d t o a d o p t a n d a d a p t new s y s t e m s a n d l a n g u a g e s t o m a t c h 
h i s i m m e d i a t e a n d c h a n g i n g n e e d s . 
I t i s t h e r e f o r e n o t u n d u l y s u r p r i s i n g t h a t i n t h e c o u r s e o f 
t h i s r e s e a r c h , one d e s k - t o p c o m p u t e r , one m i c r o - c o m p u t e r , one 
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m i n i - c o m p u t e r a n d f i v e m a i n - f r a m e c o m p u t e r s h a v e b e e n u s e d . 
a . I n i t i a l l y , d a t a w e r e o b s e r v e d on t h e p h o t o g r a m m e t r i c 
s y s t e m i n t h e D e p a r t m e n t o f G e o g r a p h y a t t h e U n i v e r s i t y o f 
G l a s g o w . T h i s i n v o l v e d a l i m i t e d amount o f p r o g r a m m i n g i n 
B A S I C a n d a w o r k i n g k n o w l e d g e o f t h e Wang 2 2 0 0 a n d i t s Wang 
o p e r a t i n g s y s t e m . 
b. A d d i t i o n a l l y , some i n f o r m a t i o n was t r a n s f e r r e d t o 
NUMAC u s i n g two s y s t e m s . T he PDP11/34 m i n i - c o m p u t e r , 
o p e r a t e d by t h e D e p a r t m e n t o f C o m p u t i n g a t t h e U n i v e r s i t y 
o f Durham, was u s e d t o i n p u t a nd e d i t p r o g r a m s a n d d a t a , 
u s i n g b o t h f l o p p y d i s k i n p u t a n d i n t e r a c t i v e s c r e e n 
e d i t i n g . T he PDP u s e s t h e UNIX o p e r a t i n g s y s t e m . 
c T he N o r t h S t a r H o r i z o n m i c r o - c o m p u t e r , i n t h e 
D e p a r t m e n t o f S u r v e y i n g a t t h e U n i v e r s i t y o f N e w c a s t l e , was 
u s e d t o i n p u t some i s a r l t h m I n f o r m a t i o n f r o m a t a b l e t 
d i g l t i s e r . T h e N o r t h S t a r h a s a m o d i f i e d CP/M o p e r a t i n g 
s y s t e m , w i t h FORTRAN a n d B A S I C c o m p i l e r s . 
d. Most o f t h e c o m p u t i n g was p e r f o r m e d on t h e NUMAC 
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( N o r t h u m b r i a n U n i v e r s i t i e s M u l t i p l e A c c e s s C o m p u t e r s ) IBM 
3 7 0 / 1 6 8 u s i n g t h e MTS ( M i c h i g a n T e r m i n a l S y s t e m ) o p e r a t i n g 
s y s t e m . I n a d d i t i o n t o a w i d e s e l e c t i o n o f s t a n d - a l o n e 
p a c k a g e s , s o f t w a r e was w r i t t e n i n FORTRAN, ALGOL-W a n d 
SIMULA w h i c h f r e q u e n t l y u s e d t h e NAG, GHOST, GINO-F and 
many o t h e r s u b r o u t i n e l i b r a r i e s . L o c a l s y s t e m c o n s t r a i n t s -
e v e n on t h i s s o p h i s t i c a t e d s y s t e m - w e r e s o m e t i m e s o f 
d i r e c t r e l e v a n c e t o t h e r e a s e a r c h F o r i n s t a n c e , w i t h i n MTS 
a t NUMAC, ' i n - c o r e ' m a t r i c e s w i t h i n FORTRAN a r e l i m i t e d t o 
1Mbyte o f s t o r a g e , t h u s , f o r e x a m p l e , r e s t r i c t i n g t h e u s e 
o f t h e p r o g r a m 'MULTI' t o d a t a s e t s s m a l l e r t h a n t h e s q u a r e 
r o o t o f 1 2 5 0 0 0 i f 'DOUBLE P R E C I S I O N ' ( R E A L * 8 ) w e r e u s e d 
( s e e A l . 4 . 1 4 ) . 
e The SERC R u t h e r f o r d IBM 3 6 0 / 1 9 5 c o m p u t e r s u s i n g t h e 
OS/360 MVT o p e r a t i n g s y s t e m a n d t h e E L E C T R I C f i l e h a n d l i n g 
s y s t e m w e r e u t i l i s e d s o l e l y t o a c c e s s t h e SACM p a c k a g e . 
D a t a w e r e i m p o r t e d on s t a n d a r d l a b e l l e d , 9 t r a c k IBM t a p e s 
a n d t h e J o b s w e r e r u n i n b a t c h f r o m NUMAC. 
f . The U n i v e r s i t y o f S t . A n d r e w s t w i n - p r o c e s s o r DEC 
( D i g i t a l E q u i p m e n t C o . ) VAX 1 1 / 7 8 0 u s i n g t h e DEC VAX/VMS 
o p e r a t i n g s y s t e m was u s e d s o l e l y t o a c c e s s t h e SURFACE I I 
GRAPHICS p a c k a g e . D a t a w e r e i m p o r t e d on s t a n d a r d l a b e l l e d , 
9 t r a c k , IBM t a p e s a n d t r a n s f e r r e d t o d i s k . A f t e r 
p r o c e s s i n g , p l o t s w e r e o b t a i n e d l o c a l l y , a n d m a t r i c e s , 
i n i t i a l l y s t o r e d on d i s k , w e r e l a t e r t r a n s f e r r e d t o 
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u n l a b e l l e d t a p e f o r e x p o r t i n g t o NUMAC. 
g. The U n i v e r s i t y o f A b e r d e e n H o n e y w e l l 6 6 / 8 0 u s i n g t h e 
TSS o p e r a t i n g s y s t e m was u t i l i s e d t o p e r f o r m e a r l y t e s t s on 
SURFACE I I GRAPHICS. I t was a c c e s s e d f r o m t h e r e m o t e s i t e 
a t t h e U n i v e r s i t y o f S t . A n d r e w s . 
A 1.3 E X T E R N A L L Y - D E R I V E D SOFTWARE U T I L I S E D 
D u r i n g t h e c o u r s e o f t h e c o m p u t i n g w o r k o f t h i s r e s e a r c h , 
s e v e r a l p r o g r a m s , p a c k a g e s , a n d s u b r o u t i n e l i b r a r i e s w e r e 
a c c e s s e d w h i c h w e r e n o t d e v e l o p e d by t h e a u t h o r . I t i s 
i m p o r t a n t t h a t t h i s s o f t w a r e be d i s c u s s e d s i n c e t h e c o n t e n t o f 
t h e i n t e r p o l a t i o n p r o g r a m s and t h e i r c h r o n o l o g i c a l d e v e l o p m e n t 
a r e o f s i g n i f i c a n c e i n a n y c o m p a r i s o n o f i s a r i t h m i c s o f t w a r e . 
A d d i t i o n a l l y , t h e s o f t w a r e o f t e n r e q u i r e d a d d i t i o n a l 
I n p u t / O u t p u t ( I / O ) s o f t w a r e t o be d e v e l o p e d . 
W h i l e t h e m a j o r i t y o f t h e d i s c u s s i o n c o n c e r n s i s a r i t h m i c o r 
i n t e r p o l a t i o n s o f t w a r e , n e v e r t h e l e s s some o t h e r g e n e r a l 
l i b r a r i e s ( N A G), d i g i t i s i n g p r o g r a m s ( D I G 1 ) , s u r f a c e r o u g h n e s s 
p r o g r a m s (GEOD a n d VECTOR) an d g e n e r a l a p p l i c a t i o n s p r o g r a m s 
(SAVDRA) w i l l be c o n s i d e r e d . 
A 1•3.1 CONSYS 
The C O N t o u r i n g S Y S t e m ('CONSYS') i s a c o l l e c t i o n o f 
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s u b r o u t i n e s f o r p r o d u c i n g i s a r i t h m maps o n l y f r o m a r e g u l a r o r 
i r r e g u l a r g r i d d i g i t a l m o d e l . The l i b r a r y , w r i t t e n i n FORTRAN, 
was d e v e l o p e d by C e d e r q u i s t ( 1 9 7 6 ) a t t h e C o o l e y E l e c t r o n i c s 
L a b o r a t o r y ^ U n i v e r s i t y o f M i c h i g a n , a n d i t i s t h e v e r s i o n 1.2, 
d a t e d 1976, t h a t was a c c e s s e d a t NUMAC. 
One o f t h e a d v a n t a g e s o f CONSYS i s t h a t t h e r o u t i n e s a r e 
g r a p h i c s p a c k a g e - i n d e p e n d e n t . The u s e r m u s t f i r s t s e t t h e 
g r a p h i c s e n v i r o n m e n t w i t h i n h i s p r o g r a m a n d t h e n c a l l t h e 
CONSYS i n i t i a l i s a t i o n r o u t i n e , s u p p l y i n g a s p a r a m e t e r s two 
r o u t i n e s t o move w i t h p e n - u p o r draw w i t h pen-down. CONSYS 
s u b s e q u e n t l y u s e s t h e s e move a n d d r a w r o u t i n e s t o g e n e r a t e t h e 
i s a r i t h m map. The s u b r o u t i n e l i b r a r y was t h u s u s e d i n 
c o n j u n c t i o n w i t h GHOSYS ( s e e A l . 4 . 9 ) , t h e c a l l i n g p r o g r a m 
d e s i g n e d by t h e a u t h o r t o d r a w t h e i s a r i t h m map i n t e r a c t i v e l y . 
CONSYS was d e s i g n e d t o be a s i m p l e , y e t e f f i c i e n t 
g r i d - t o - i s a r i t h m p a c k a g e a n d i n t h a t r e s p e c t i t s u c c e e d s . 
I s a r i t h m s a r e a n g u l a r a n d p r o d u c e d I n s c a n s a l o n g ' x ' f r o m t h e 
b a s e t o t h e t o p o f t h e p i c t u r e a r e a . T he u s e r i s r e s p o n s i b l e 
f o r d e f i n i n g t h e c o o r d i n a t e s p a c e a n d map a r e a , a n d t h u s s c a l e 
i s e a s i l y c o n t r o l l e d . A d d i t i o n a l l y , a p r i m i t i v e l a b e l l i n g 
f a c i l i t y e x i s t s w h i c h t h e u s e r may i n v o k e by s e t t i n g a l o g i c a l 
v a r i a b l e a nd s u p p l y i n g t h e r o u t i n e t o p l o t a v a l u e i n a 
c e r t a i n l o c a t i o n . T he a u t h o r o f CONSYS a p p e a r s t o c o n s i d e r t h e 
CPU t i m e n e c e s s a r y t o p r o d u c e h i g h q u a l i t y l a b e l l i n g a n 
e x t r a v a g a n c e . 
1.3.2 DIG1 
The s t a n d - a l o n e p r o g r a m DIG1 ( D I G i t i s i n g 1 ) was u s e d d u r i n g 
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t h e d i g i t i s i n g o p e r a t i o n s on t h e S a n t o n i S t e r e o s i m p l e x 
I l c / W a n g 2 2 0 0 d i g i t a l p h o t o g r a m m e t r i c s y s t e m . T he p r o g r a m , 
w r i t t e n i n B A S I C ^ was d e v e l o p e d a n d i m p l e m e n t e d by Adam i n 
1979 i n t h e G e o g r a p h y D e p a r t m e n t o f t h e U n i v e r s i t y o f G l a s g o w , 
w h e r e i t was u s e d ( P e t r i e a n d Adam, 1 9 8 0 ) . T he p r o g r a m was 
I n t e r a c t i v e a n d e n a b l e d t h e p h o t o g r a m m e t r i c o p e r a t o r t o f o l l o w 
a s e r i e s o f q u e s t i o n / a n s w e r i n s t r u c t i o n s t o s e l e c t d i g i t i s i n g 
mode, p o i n t n u m b e r i n g s y s t e m a n d o u t p u t d e v i c e . T he d i g i t i s e d 
d a t a w e r e s u b s e q u e n t l y p r o c e s s e d a c c o r d i n g l y a s t h e y w e r e 
d i g i t i s e d . I n t h e e v e n t , m i n o r c h a n g e s h a d t o be made t o t h e 
p r o g r a m t o e n a b l e t a p e m a r k s t o be w r i t t e n i n a c o m p a t i b l e 
f o r m f o r t h e p o s t - d i g i t i s i n g c a s s e t t e - t o - m a g n e t i c t a p e 
t r a n s f e r p r o c e s s . 
1.3.3 GEOD 
The t e r r a i n a n a l y s i s s u i t e o f p r o g r a m s 'GEOD' was d e v e l o p e d 
i n 1978 a t t h e U n i v e r s i t y o f Durham by Young a n d Young t o t h e 
s p e c i f i c a t i o n s o f E v a n s ( Y o u n g , 1 9 7 8 ) . T he s u i t e o f p r o g r a m s , 
w r i t t e n i n FORTRAN a n d c a l l i n g S P S S ( S t a t i s t i c a l P a c k a g e f o r 
t h e S o c i a l S c i e n c e s ) , a n d MIDAS ( M i c h i g a n I n t e r a c t i v e D a t a 
A n a l y s i s S y s t e m ) , i s d e s i g n e d t o r u n u n d e r t h e MTS s y s t e m a t 
NUMAC w h e r e i t was a c c e s s e d . The t h e o r y o f t h e p r o g r a m i s 
d i s c u s s e d e l s e w h e r e ( 4 . 3 . 3 ) . The i n p u t h a s b e e n k e p t s i m p l e , 
i n t h e f o r m o f a r e g u l a r g r i d d i g i t a l m o d e l , w h i c h i s 
p r o c e s s e d t o p r o d u c e s u r f a c e c h a r a c t e r i s t i c s w h i c h a r e 
d i s p l a y e d by u t i l i s i n g h i s t o g r a m s ( M I D A S ) ; s c a t t e r g r a m s 
( S P S S ) ; l i n e p r i n t e r d e n s i t y maps; a p l o t t e r p r o d u c e d h a c h u r e 
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map a n d n u m e r i c a l s t a t i s t i c s . 
The s u i t e i s c o n t a i n e d i n t h e s o u r c e f i l e 'GEOD' w h i c h 
c o n t a i n s a l l t h e n e c e s s a r y r u n commands a n d p a r a m e t e r s a n d may 
be e d i t e d a c c o r d i n g t o t h e d a t a s e t i n p u t . T h u s t h e name o f 
t h e d a t a f i l e , i t s f o r m a t , t i t l e , g r i d r e s o l u t i o n a n d s i z e a r e 
e d i t e d p r i o r t o s o u r c i n g . T he r e s u l t s a r e o f s t a n d a r d f o r m a n d 
i n g e n e r a l s a t i s f a c t o r y a l t h o u g h , i f n e c e s s a r y , some o f t h e 
s t a n d a r d p a r a m e t e r s may be r e s e l e c t e d by c o n s u l t i n g t h e 
d o c u m e n t a t i o n a nd t h e s o u r c e f i l e . 
1.3.4 GHOST 
'GHOST', ( G r a p H i c a l O u t p u t S y s T e m ) , i s a g e n e r a l p u r p o s e 
g r a p h i c a l s u b r o u t i n e l i b r a r y c o d e d i n FORTRAN, a n d p r o d u c e d 
by t h e UK A t o m i c E n e r g y A u t h o r i t y , C u l h a m L a b o r a t o r y . T h e 1978 
v e r s i o n was a c c e s s e d a t NUMAC w h e r e i t i s mounted i n 
c o n j u n c t i o n w i t h t h e MTS ' P L O T S Y S ' l i b r a r y . GHOST, u n l i k e 
GINO-F, i s n o t d e v i c e - i n d e p e n d e n t a nd t h u s p l o t d e s c r i p t o r 
f i l e s w e r e N U M A C - s p e c i f i c . I t i n c l u d e s a w i d e s e l e c t i o n o f 
g r a p h i c s d r a w i n g r o u t i n e s i n c l u d i n g g r i d - t o - i s a r I t h m r o u t i n e s ; 
a f i s h n e t i s o m e t r i c p l o t t i n g r o u t i n e a n d o t h e r g r a p h a n d 
t h r e e - d i m e n s i o n a l d r a w i n g r o u t i n e s . To s u p p l e m e n t t h e e x t a n t 
p a c k a g e a t NUMAC^ a r a n d o m - t o - g r i d r o u t i n e m o u n t e d i n 
c o n j u n c t i o n w i t h t h e GHOST p a c k a g e a t many o t h e r u n i v e r s i t i e s , 
was mounted by t h e a u t h o r a t NUMAC. R a n d o m - t o - g r i d 
i n t e r p o l a t i o n was h o w e v e r k e p t s e p a r a t e f r o m t h e i s a r i t h m 
s u b r o u t i n e s a nd t h e p r o g r a m 'GHOT' ( A l . 4 . 1 0 ) , s o - n a m ed by t h e 
a u t h o r t o d i s t i n g u i s h I t f r o m t h e p a c k a g e GHOST, was d e v e l o p e d 
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t o p e r f o r m t h i s a s p e c t . 
I n g e n e r a l , a s a r e s u l t o f f l e x i b l e r o u t i n e s a n d s u p e r i o r 
' i n - h o u s e ' d o c u m e n t a t i o n , GHOST was u t i l i s e d f o r a l l t h e 
g e n e r a l g r a p h i c s t h r o u g h o u t t h i s r e s e a r c h , w i t h t h e e x c e p t i o n 
o f o t h e r s p e c i f i c i s a r l t h m i c p a c k a g e s . F o r t h e p u r p o s e s o f 
g e n e r a t i n g i s a r i t h m s , t h e p r o g r a m 'GHOSYS' was d e v e l o p e d 
( A l . 4 . 9 ) t o p r o v i d e a f l e x i b l e i n t e r a c t i v e means o f p r o d u c i n g 
m u l t i - c o l o u r o v e r l a i n I s a r i t h m i c p l o t s q u i c k l y a n d 
e f f i c i e n t l y . The ' I S O P L T ' r o u t i n e was u s e d t o p r o d u c e 
i s o m e t r i c b l o c k - d i a g r a m s , b e i n g e a s i e r t o u s e , b u t l e s s 
f l e x i b l e , t h a n P E R S Y S . 
The f a c t t h a t t h e GHOST p a c k a g e was u s e d f o r s o much 
g r a p h i c s t h r o u g h o u t t h i s r e s e a r c h s u g g e s t s i t s a d e q u a c y . I t s 
m a i n f l e x i b i l i t y I s i n h e r e n t I n t h e n a t u r e o f t h e s c a l i n g a n d 
w i n d o w i n g , u t i l i s i n g t h e 'PSPACE', ' C S P A C E ' a n d 'MAP' 
s u b r o u t i n e s . G r a p h d r a w i n g ( b o t h h i s t o g r a m s a n d p o i n t a n d l i n e 
g r a p h s ) a r e s t r a i g h t f o r w a r d , a l t h o u g h p r o b l e m s do o c c u r I n 
l a b e l l i n g b e l o w t h e x - a x i s . T h e GHOST i s a r i t h m r o u t i n e s w e r e 
f o u n d t o be b o t h q u i c k a n d e f f i c i e n t , a l t h o u g h t h i s was 
b a l a n c e d by somewhat p o o r l a b e l l i n g p r o c e d u r e s a n d t h e 
n e c e s s i t y , a s w i t h a n y FORTRAN p r o g r a m , t o p r e - d e f i n e t h e 
m a t r i x s i z e • 
1-3.5 GINOSURF And GINO-F 
'GINO-F' ( G r a p h i c a l I N p u t / O u t p u t - F o r t r a n v e r s i o n ) i s a 
g e n e r a l p u r p o s e g r a p h i c a l s u b r o u t i n e l i b r a r y , m o s t l y w r i t t e n 
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i n FORTRAN. I t was d e v e l o p e d a t t h e C o m p u t e r A i d e d D e s i g n 
C e n t r e ( C A D C ) , C a m b r i d g e i n 1974, a l t h o u g h t h e v e r s i o n 
a c c e s s e d a t NUMAC I s 2.5B, d a t e d 1 9 7 9 . The I n t e r e s t i n g f e a t u r e 
o f GINO-F i s t h a t i t i s n o t o n l y a l m o s t m a c h i n e - i n d e p e n d e n t , 
b u t i s a l s o d e v i c e - i n d e p e n d e n t . W h i l e GINO-F i s a v e r y 
f l e x i b l e g r a p h i c s p a c k a g e - f a c i l i t i e s i n c l u d e t w o - d i m e n s i o n a l 
a n d t h r e e - d i m e n s i o n a l i n t e r a c t i v e d r a w i n g , t r a n s f o r m a t i o n , 
s e l e c t i o n o f s y m b o l s , w i n d o w i n g , e t c . , t h e p a c k a g e was u s e d 
p u r e l y i n i t s s u p p o r t c a p a c i t y t o 'GINOSURF". 
GINOSURF i s a s u r f a c e d i s p l a y s u b r o u t i n e l i b r a r y , w r i t t e n 
i n FORTRAN, w h i c h u t i l i s e s t h e GINO-F g r a p h i c a l s u b r o u t i n e 
l i b r a r y . I t was p r o d u c e d i n t h e U n i v e r s i t y o f S a l f o r d 
C o m p u t i n g L a b o r a t o r y i n 1979 w i t h t h e o r i g i n a l Mark 1-0 
v e r s i o n b e i n g m ounted a t NUMAC. The p r o g r a m p e r f o r m s t h r e e 
b a s i c f u n c t i o n s , p e r s p e c t i v e d r a w i n g o f r e g u l a r g r i d s ; 
g r i d - t o - l 8 a r i t h m i n t e r p o l a t i o n a n d r a n d o m - t o - g r i d p o i n t w i s e 
i n t e r p o l a t i o n ( s e e 2 . 5 . 2 ) , a l t h o u g h o n l y t h e l a s t two 
f u n c t i o n s w e r e u t i l i s e d . As t h e p a c k a g e s a r e s u b r o u t i n e 
l i b r a r i e s , two p r o g r a m s h ad t o be d e v e l o p e d t o p e r f o r m 
r a n d o m - t o - g r i d i n t e r p o l a t i o n ( G I N O . R T G ) a n d i s a r i t h m 
i n t e r p o l a t i o n ( G I N 0 . C 0 N ) . 
GINOSURF was s o o n f o u n d t o be a p a r t i c u l a r l y a w k w a r d 
p a c k a g e t o work w i t h . I n g e n e r a l , t h e v i s u a l g r a p h i c a l d i s p l a y 
i s a d e q u a t e , s i n c e t h e b o r d e r a n d l a b e l l i n g r o u t i n e s a r e 
a u g m e n t e d by t h e o t h e r GINO-F d r a w i n g r o u t i n e s t o c r e a t e a 
p o w e r f u l s y s t e m . However, a s s o o n a s p l o t s w e r e r e q u i r e d t o be 
d r a w n p r e c i s e l y t o s c a l e , f o r e x a m p l e f o r o v e r l a i n i s a r i t h m 
maps, t h e p a c k a g e was c o n s i d e r e d i n a d e q u a t e due t o a l a c k o f 
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p r e c i s e c o n t r o l o v e r s c a l i n g . F o r t h e p u r p o s e s o f i s a r i t h m 
c o m p a r i s o n , t h e p r o g r a m 'SAVDRA' ( A l . 3 . 1 1 ) h a d t o be e m p l o y e d 
t o c o n v e r t t h e i s a r i t h m p l o t t o n u m e r i c a l f o r m , a n d a f u r t h e r 
p r o g r a m ' R E S C A L " u s e d t o r e s c a l e , l i s t a n d p l o t t h e map o u t a t 
t h e r e q u i r e d s c a l e a n d d i m e n s i o n s . W h i l e t h i s may be 
a c c e p t a b l e i n a r e s e a r c h e n v i r o n m e n t , i t i s h i g h l y u n d e s i r a b l e 
i n a p r o d u c t i o n e n v i r o n m e n t . 
1.3.6 GPCP 
'GPCP' ( G e n e r a l P u r p o s e C o n t o u r i n g P r o g r a m ) i s p r i m a r i l y a 
c o n t o u r i n g p r o g r a m w h i c h was d e v e l o p e d a n d m a r k e t e d by C a l c o m p 
i n 1 9 7 1 . The s o u r c e p r o g r a m i s i n FORTRAN, r e q u i r i n g 32K w o r d s 
o f memory^ a n d p l o t t i n g i s p e r f o r m e d u s i n g C a l c o m p p l o t t i n g 
s o f t w a r e . The p a c k a g e was a c c e s s e d a t NUMAC w h e r e t h e o r i g i n a l 
a n d 1974 s u p p l e m e n t a r e m o u n t e d . T h e o r i g i n a l v e r s i o n i n c l u d e s 
p o i n t w i s e r a n d o m - t o - g r i d i n t e r p o l a t i o n ; c o n t o u r i n g o b l i q u e 
a n d s t e r e o m a p p r o d u c t i o n . I n 1974, t h i s was s u p p l e m e n t e d by 
t h e i n c l u s i o n o f g r i d - t o - g r i d o p e r a t i o n s ; g l o b a l p o l y n o m i a l 
r a n d o m - t o - g r i d i n t e r p o l a t i o n ; a r e a a n d v o l u m e c o m p u t a t i o n ; 
p r o f i l i n g a n d a d d i t i o n a l d a t a p o s t i n g r o u t i n e s . W h i l e a n a g l y p h 
s t e r e o i s a r i t h m s a r e g e n e r a t e d e l s e w h e r e i n t h i s r e s e a r c h , 
GPCP was u s e d p r i m a r i l y t o g e n e r a t e i s a r i t h m s f r o m r e g u l a r 
g r i d s ( i n t e r p o l a t e d o r o b s e r v e d ) a n d t o p e r f o r m r a n d o m - t o - g r i d 
i n t e r p o l a t i o n by u t i l i s i n g b o t h t h e g l o b a l p o l y n o m i a l f u n c t i o n 
a n d p o i n t w i s e w e i g h t e d a v e r a g i n g m e t h o d s ( 2 . 5 . 1 ) . 
T he p a c k a g e i s b a s e d on a command s t r u c t u r e i n c o r p o r a t i n g 
p r e c i s e f o r m a t t i n g o f d a t a . An I n t e r a c t i v e program,- 'GPCP. I N ' 
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( A l . 4 . 1 1 ) , was t h e r e f o r e d e v e l o p e d t o p r o v i d e t h e e s s e n t i a l 
d a t a - c o m m a n d - p a c k a g e I n t e r f a c e . G P C P . I N was d e v e l o p e d t o a l l o w 
f o r most GPCP o p t i o n s a n d h a s t h e r e f o r e s u b s e q u e n t l y p r o v e d 
I n v a l u a b l e b o t h t o t h e a u t h o r a n d a s a g e n e r a l s e r v i c e p a c k a g e 
f o r o t h e r NDMAC GPCP u s e r s . I t p r o v i d e s a f l e x i b l e I n t e r a c t i v e 
s o l u t i o n t o a t r i c k y I n p u t s i t u a t i o n . 
I n g e n e r a l , t h e g r a p h i c s a r e f l e x i b l e , c o m p r e h e n s i v e a n d 
a d e q u a t e . S c a l i n g I s s i m p l e a n d e a s y t o a p p l y , a l t h o u g h w i t h 
p a r t i c u l a r l y l a r g e n u m b e r s ( g r e a t e r t h a n 9 9 9 9 9 ) some f o r m o f 
u s e r - a p p l i e d s c a l i n g may be r e q u i r e d t o be p e r f o r m e d on t h e 
d a t a . R a n d o m - t o - g r i d i n t e r p o l a t i o n i s l i m i t e d t o two f u n c t i o n s 
o n l y , C o n v e r s e l y , g r l d - t o - i s a r i t h m i n t e r p o l a t i o n i s f l e x i b l e 
a n d t h e f o r m o f t h e a c t u a l l i n e i s w i d e l y s e l e c t a b l e . 
U n f o r t u n a t e l y , w i t h some o f t h e commands, t h e m a n u a l i s n o t 
e x p l i c i t a n d p r o b l e m s c o u l d o n l y be r e s o l v e d a f t e r c o n s u l t i n g 
t h e s o u r c e c o d e . 
1.3.7 MINCURV 
'MINCURV' (MINimum C U R V a t u r e ) I s a r a n d o m - t o - g r i d 
i n t e r p o l a t i o n p r o g r a m ( 2 . 5 . 8 ) w r i t t e n i n FORTRAN by S w a i n 
( 1 9 7 6 ) a n d m o d i f i e d by t h e a u t h o r t o r u n a t NUMAC w i t h t h e 
s t a n d a r d d a t a f o r m a t s . The p r o g r a m i s b a s e d on t h e 
i n t e r p o l a t i o n method o f B r i g g s ( 1 9 7 4 ) a n d a l s o i n c l u d e s 
m o d i f i c a t i o n s f o l l o w i n g T o b l e r ( 1 9 7 7 ) a n d S w a i n ( 1 9 7 8 ) . 
MINCURV c o n s i s t s o f a s h o r t m a i n r o u t i n e t o i n p u t t h e d a t a a n d 
f i v e s u b r o u t i n e s t o s o r t t h e d a t a a n d p e r f o r m t h e 
i n t e r p o l a t i o n . 
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A l . 3 . 8 NAG 
The 'NAG' ( N u m e r i c a l A l g o r i t h m s G r o u p ) l i b r a r y I s a n 
e x t e n s i v e l i b r a r y o f s u b r o u t i n e s f o r t h e s o l u t i o n o f a w i d e 
v a r i e t y o f n u m e r i c a l a n a l y s i s p r o b l e m s , f o r e x a m p l e c o m p l e x 
a r i t h m e t i c , d i f f e r e n t i a l e q u a t i o n s , e q u a t i o n s o l u t i o n , 
i n t e r p o l a t i o n a n d c u r v e a n d s u r f a c e f i t t i n g a n d m a t r i x 
o p e r a t i o n s * The v e r s i o n a c c e s s e d a t NUMAC was Mark 8, d a t e d 
1 9 8 1 , w h e r e i t was u s e d m a i n l y f o r t h e s o l u t i o n o f 
s i m u l t a n e o u s l i n e a r e q u a t i o n s . T h r o u g h o u t t h e l i b r a r y , w h i c h 
i s w r i t t e n i n FORTRAN, DOUBLE P R E C I S I O N ( R E A L * 8 ) i s e m p l o y e d 
w h i c h n e c e s s i t a t e s t h a t a l l d a t a be t r a n s f o r m e d f r o m R E A L * 4 
b e f o r e p r o c e s s i n g . H o w e v e r , t h i s d i s a d v a n t a g e i s b a l a n c e d by 
t h e e a s e o f u s e o f t h e l i b r a r y a s a s o u n d a n d t h o r o u g h 
d o c u m e n t a t i o n s u p p o r t s t h e m a i n c r i t e r i a f o r t h e s e l e c t i o n o f 
t h e r o u t i n e s ^ n a m e l y t h e i r u s e f u l n e s s , r o b u s t n e s s , n u m e r i c a l 
s t a b i l i t y , a c c u r a c y a n d s p e e d . 
A l . 3 . 9 P E R S Y S 
The ' P E R S Y S ' ( P E R s p e c t i v e S Y S t e m ) c o l l e c t i o n o f s u b r o u t i n e s 
p r o d u c e s ' f i s h n e t ' i s o m e t r i c b l o c k d i a g r a m s f r o m r e g u l a r a n d 
i r r e g u l a r g r i d s . The p r o g r a m v e r s i o n 2.0, d a t e d 1 9 7 5 , was 
w r i t t e n i n FORTRAN by C e d e r q u i s t a t t h e C o o l e y E l e c t r o n i c s 
L a b o r a t o r y , U n i v e r s i t y o f M i c h i g a n a n d was a c c e s s e d a t NUMAC. 
The c o l l e c t i o n o f s u b r o u t i n e s i s a c c e s s i b l e e x a c t l y u n d e r t h e 
same c o n d i t i o n s a s CONSYS. 
P E R S Y S was o n l y u s e d i n c o n j u n c t i o n w i t h t h e s u r f a c e 
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c h a r a c t e r i s t i c s p r o g r a m 'AUTOP' ( A l . 4 . 2 ) t o g e n e r a t e i s o m e t r i c 
c o r r e l o g r a m s o f t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n f u n c t i o n s . I t 
was u s e d a s i t c o n t a i n e d t h e o n l y i s o m e t r i c s u b r o u t i n e 
a v a i l a b l e a t NUMAC w h i c h a l l o w e d t h e u s e r t o s p e c i f y t h e e x a c t 
s c a l e a n d o b t a i n p i c t u r e c o - o r d i n a t e s f r o m t h e s u b r o u t i n e s . 
T h i s was n e c e s s a r y a s AUTOP r e q u i r e d t h a t a l l p l o t s be 
s i m i l a r l y s i z e d f o r f u t u r e v i s u a l c o m p a r i s o n . I n a d d i t i o n , 
c e r t a i n l i n e s w e r e t o be o v e r l a i n on t h e I s o m e t r i c u s i n g t h e 
'GTSCAL' f a c i l i t y . I n t h e e v e n t , t h i s was n o t a s f l e x i b l e a s 
t h e d o c u m e n t a t i o n s u g g e s t e d a n d P E R S Y S h a d t o be m o d i f i e d 
a c c o r d i n g l y . E x c l u d i n g t h e a b i l i t y t o o v e r l a y l i n e s on t h e 
i s o m e t r i c p l o t , P E R S Y S i n c l u d e s f e w v a r i a t i o n s , n o t a b l y o n l y 
t h e a b i l i t y t o p r o d u c e s o l i d o r t r a n s p a r e n t b a s e s . 
A l - 3 . 1 0 SACM 
The ' S u r f a c e A p p r o x i m a t i o n s and C o n t o u r M a p p i n g ' (SACM) 
p r o g r a m s u i t e was d e v e l o p e d i n 1967 by A s s i t e r a t A p p l i c a t i o n s 
C o n s u l t a n t s I n c o r p o r a t e d , H o u s t o n . The v e r s i o n a c c e s s e d a t t h e 
SERC R u t h e r f o r d L a b o r a t o r y was mounted i n 1 9 7 4 . The f u l l 
p a c k a g e c o n t a i n s o p t i o n s f o r r a n d o m - t o - g r i d I n t e r p o l a t i o n 
( w i t h o r w i t h o u t f a u l t i n g c o n s t r a i n t s ) u s i n g g l o b a l o r t h o g o n a l 
p o l y n o m i a l s o r p o i n t w i s e m e t h o d s ; g r i d - t o - i s a r i t h m 
i n t e r p o l a t i o n ( g r a p h i c a l o r p r i n t e r o u t p u t ) ; p r o f i l i n g a n d 
p e r s p e c t i v e p l o t t i n g . H o w e v e r , o n l y t h e i s a r i t h m a n d p o i n t w i s e 
r a n d o m - t o - g r i d I n t e r p o l a t i o n w e r e u s e d w i t h i n t h i s r e s e a r c h . 
The p a c k a g e i s a c c e s s e d u s i n g a command s t r u c t u r e i n v o l v i n g 
I/O d a t a i n u s e r s p e c i f i e d f o r m a t a n d f i l e s p a c e - T h i s 
t h e r e f o r e l e a d s t o e a s e - o f - o p e r a t i o n a l t h o u g h t h e 
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documentation i s n o t as adequate as t h a t o f SURFACE I I 
GRAPHICS. S c a l i n g o f p l o t s and g e n e r a l g r a p h i c a l d e s i g n i s 
s a t i s f a c t o r y - SACM i s the o n l y package , which s e l e c t s 
d i f f e r e n t pen c o l o u r s f o r i n d e x i s a r i t h m s and l a b e l s maxima 
and minima v a l u e s over the s u r f a c e * There are however two 
u n d e s i r a b l e f e a t u r e s i n h e r e n t i n the r a n d o m - t o - g r i d 
i n t e r p o l a t i o n : t h e package does not c o n s i d e r p o i n t s l y i n g 
o u t s i d e t h e range o f the c o - o r d i n a t e s o f t h e g r i d c o r n e r s , 
thus some edges are always e x t r a p o l a t e d and can never be 
i n t e r p o l a t e d . A d d i t i o n a l l y , on t h e r i g h t - h a n d and top edges, 
the package generates a d d i t i o n a l u n r e q u e s t e d l i n e s o f g r i d 
nodes• 
A 1.3.11 SAVDRA 
The name 'SAVDRA' i s d e r i v e d from "SAVDRA" - a ' d e v i c e ' 
used t o produce d e v i c e independent p i c t u r e code or pseudo-code 
w i t h i n the package GINO-F. I n o r d e r t o produce 
d e v i c e - i n d e p e n d e n t t r a n s p o r t a b l e p l o t s a t NUMAC, the 
sta n d - a l o n e program SAVDRA was developed by H a l l of the 
Computing L a b o r a t o r y , U n i v e r s i t y o f Durham where i t i s 
mounted. The program i s w r i t t e n i n SIMULA and was m o d i f i e d t o 
genera t e a d i g i t a l p l o t f i l e o f d e s i r e d f o r m a t from a NUMAC 
p l o t d e s c r i p t o r f i l e . The d i g i t a l p l o t f l l e was s u b s e q u e n t l y 
used as I n p u t t o CONCOR and CONLIN (A1-4.A/5) and was a l s o 
used when r e s c a l i n g GINOSURF maps. 
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A l - 3 . 1 2 SURFACE I I GRAPHICS 
The SURFACE I I GRAPHICS system, developed a t the Kansas 
G e o l o g i c a l Survey I n Lawrence, Kansas^ i s a "computer s o f t w a r e 
system f o r c r e a t i o n o f d i s p l a y s o f s p a t i a l l y d i s t r i b u t e d d a t a " 
(Sampson, 1978, 1 ) . I t was conceived by Sampson and programmed 
i n FORTRAN i n 1975, a l t h o u g h t h e 1981 v e r s i o n was accessed a t 
the Computing L a b o r a t o r y a t the U n i v e r s i t y o f S t . Andrews, 
where i t i s mounted i n c o n j u n c t i o n w i t h GINO-F g r a p h i c s 
s o f t w a r e . The b a s i c form o f g r a p h i c d i s p l a y i s the i s a r i t h m 
map, a l t h o u g h i s o m e t r i c b l o c k diagrams ( i n mono and s t e r e o f o r 
p o c k e t , m i r r o r and anaglyph s t e r e o s c o p i c v i e w i n g ) may a l s o be 
produced from r e g u l a r g r i d s o n l y . The program c o n t a i n s an 
e x h a u s t i v e s e l e c t i o n o f r a n d o m - t o - g r i d i n t e r p o l a t i o n r o u t i n e s 
(2.5 3) and i s unique i n p r o v i d i n g a s s o c i a t e d e r r o r h i s t o g r a m s 
and o t h e r s t a t i s t i c a l i n f o r m a t i o n . Most o f the r o u t i n e s were 
accessed w i t h t h e e x c e p t i o n o f the g l o b a l p o l y n o m i a l 
i n t e r p o l a t i o n , u n a v a i l a b l e i n the S t . Andrews i m p l e m e n t a t i o n . 
The package i s based on a command s t r u c t u r e s i m i l a r t o 
SACM. S c a l i n g and g e n e r a l g r a p h i c a l d e s i g n c o u l d be e a s i l y 
a p p l i e d w i t h i n t h e command s t r u c t u r e and the v a r i e t y o f 
o u t p u t s a v a i l a b l e was i d e a l . I n a d d i t i o n , t h e doc u m e n t a t i o n i s 
d e t a i l e d y e t co n c i s e and e x p l i c i t . SURFACE I I GRAPHICS was 
thus perhaps t he most f l e x i b l e and complete package 
c o n s i d e r e d . 
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A 1.3.13 SYMAP 
The SYnographic MAPping program (SYMAP) was produced a t the 
Harvard U n i v e r s i t y L a b o r a t o r y f o r Computer Graphics and 
S p a t i a l A n a l y s i s . The source program i s w r i t t e n i n FORTRAN and 
v e r s i o n 5.15 ( w r i t t e n i n 1970 and w i t h some NUMAC 
m o d i f i c a t i o n s ) was accessed a t NUMAC. The program, designed 
f o r l i n e - p r i n t e r o u t p u t , has s u r v i v e d p r i m a r i l y as a r e s u l t o f 
i t s widespread e x i s t e n c e , g e n e r a l f l e x i b i l i t y and s i m p l e y e t 
e f f i c i e n t documentation and usage. SYMAP may be used t o 
produce t h r e e forms o f map d e p i c t i n g s p a t i a l l y d i s p o s e d 
i n f o r m a t i o n , namely, i s a r i t h m i c conformant ( c h o r o p l e t h ) and 
p r o x i m a l maps. However, due t o the n a t u r e o f the program's 
o u t p u t o n l y the p o i n t w i s e r a n d o m - t o - g r i d i n t e r p o l a t i o n 
s e c t i o n w i t h i n t h e i s a r i t h m r o u t i n e was used ( 2 . 5 . 5 ) . 
L i k e GPCP, SYMAP i s a s i n g l e i n p u t , command s t r u c t u r e d 
package, a l t h o u g h t h e s t r u c t u r i n g i s not q u i t e as r i g i d . I t 
thus s u f f e r s from the i n h e r e n t problem t h a t the data must be 
p r e - f o r m a t t e d and command ' c a r d s ' i n s e r t e d . A d d i t i o n a l l y , t h e 
r e s u l t a n t m a t r i x had t o be r e f o r m a t t e d from t he SYMAP f o r m a t 
t o the more f l e x i b l e f o r m a t used t h r o u g h o u t t h e r e s e a r c h . Two 
s h o r t programs were t h e r e f o r e developed^ 'SYM.IN' t o d e a l w i t h 
data/command f o r m a t t i n g and 'SYM.OUT' t o d e a l w i t h r e s u l t a n t 
r e - f o r m a t t i n g . 
SYMAP has s e v e r a l minor problems i n h e r e n t i n i t s 
i m p l e m e n t a t i o n . I t must be remembered t h a t SYMAP I s designed 
t o produce l i n e - p r i n t e r maps; thus g r i d - s i z e i n the 
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r a n d o m - t o - g r i d i n t e r p o l a t i o n stage i s c o n t r o l l e d by v a r y i n g 
the s i z e o f c h a r a c t e r t o be p r i n t e d . G r i d s i z e i s d e f i n e d 
i n d i r e c t l y and thus c r e a t e s a c e r t a i n amount o f u n c e r t a i n t y as 
t o the exact mapping o f c o - o r d i n a t e s on t o p r i n t e r c h a r a c t e r 
c e l l s and v i c e v e r s a . 
Al.3.14 VECTOR 
"VECTOR' i s a s t a n d - a l o n e element o f the program s u i t e 
w r i t t e n i n FORTRAN by Hobson (1967) a t N o r t h w e s t e r n 
U n i v e r s i t y t o dete r m i n e s u r f a c e roughness. The program was 
mounted a t NUMAC where s e v e r a l a l t e r a t i o n s had t o be made t o 
the o r i g i n a l source code c o n c e r n i n g f u n c t i o n s t h a t were not 
NUMAC FORTRAN-compatible and v a r i o u s I/O f o r m a t s - Thus t he 
program was e s t a b l i s h e d t o r u n smoothly w i t h t h e s t a n d a r d data 
f o r m a t used w i t h i n t h i s r e s e a r c h . The t h e o r y o f the package i s 
di s c u s s e d elsewhere ( 4 - 4 . 4 ) . E s s e n t i a l l y , d ata c o n s i s t e d o f 
r e g u l a r g r i d s * The program, a f t e r c o m p u t a t i o n , d i s p l a y e d 
summary s t a t i s t i c s c o n c e r n i n g the d i r e c t i o n c o s i n e s ; t h e i r 
v e c t o r s t r e n g t h and d i s p e r s i o n ; the r e s u l t a n t s t r i k e and d i p 
o f the mean plane and i t s mean and s t a n d a r d d e v i a t i o n -
A1.4 SELF-WRITTEN SOFTWARE 
Throughout t h i s r e s e a r c h a s u b s t a n t i a l amount o f work has 
been concerned w i t h the development o f s e l f - w r i t t e n programs 
b o t h t o p e r f o r m major aspects o f work ( i s a r i t h m i c mapping, 
i n t e r p o l a t i o n , d a t a / s u r f a c e c h a r a c t e r i s t i c e v a l u a t i o n , and 
i s a r i t h m and m a t r i x comparisons), but a l s o t o p e r f o r m perhaps 
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more t r i v i a l a spects concerned w i t h I/O r e f o r m a t t i n g . To 
i n c l u d e i n f o r m a t i o n on a l l the f o r m a t t i n g programs would be 
too b u l k y and time-consuming - they a re too numerous- There 
a r e , however t h r e e f o r m a t t i n g programs w o r t h y o f m e n t i o n , 
namely REFORM, EFTRAN, and GPCP.IN. I n a d d i t i o n , t h e major 
programs w i l l be c o n s i d e r e d i n more d e t a i l , namely, the 
d a t a / s u r f a c e c h a r a c t e r i s t i c programs (SA, DTSA, AUTOP, AUFN, 
SCAVAL and NNA); the r a n d o m - t o - g r i d i n t e r p o l a t i o n programs 
(MULTI, BRAILE and GHOT); t h e r a n d o m - t o - i s a r i t h m program 
(DTC); the s u b r o u t i n e l i b r a r y g r i d - t o - i s a r i t h m programs ( o n l y 
GHOSYS w i l l be c o n s i d e r e d as an example) and the a n a l y s i s 
programs (MATANN? CONCOR. and CONLIN). 
From an e a r l y stage i n the r e s e a r c h , i t was r e a l i s e d t h a t 
i n o r d e r t o o b t a i n a g r e a t e r amount o f programming 
f l e x i b i l i t y , two c o n s i d e r a t i o n s s h o u l d be met. Programs a r e 
more f l e x i b l e and s i m p l e i f b a s i c b u i l d i n g b l o c k s o r 
s u b r o u t i n e s are common t o many programs. Thus a s u b r o u t i n e 
l i b r a r y ( L I B ) was e v o l v e d t h r o u g h o u t t h e work o f the r e s e a r c h . 
As a r e s u l t o f t h i s d e c i s i o n and a l t h o u g h s e v e r a l languages 
were used (BASIC, ALGOL, FORTRAN, SIMULA), most o f the 
programming had t o be l i m i t e d t o FORTRAN s i n c e u n t i l r e c e n t l y 
a t NUMAC, most s e l f - w r i t t e n r o u t i n e s were o n l y a c c e s s i b l e by 
programs w r i t t e n i n a s i m i l a r language-
1.4.1 AUFN 
'AUFN' computes and p l o t s the a r e a l a u t o c o r r e l a t i o n 
f u n c t i o n of a p o i n t data s e t , assumed i s o t r o p i c , as o u t l i n e d 
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I n 4.4.1. I n p u t t o the program c o n s i s t s o f the data I n 
s t a n d a r d f o r m a t the l i m i t s o f the area under c o n s i d e r a t i o n 
and a c o n s t a n t t o i l l u s t r a t e whether a Geary or Moran 
c o e f f i c i e n t i s t o be computed. The program then c a l l s the 
l i b r a r y s u b r o u t i n e 'ARAUT' ( d e s c r i b e d by Henley, 1976). T h i s 
s u b r o u t i n e was m o d i f i e d t o a l l o w f o r the c o m p u t a t i o n o f the 
Moran or Geary f u n c t i o n by the a d d i t i o n o f 'NGER' t o the 
parameter l i s t , and t h e replacement of l i n e 38 by: 
IF (NGER.EQ.O) SZZ(K)«SZZ(K)+Z(I)*Z(J)*2.0 
IF (NGER.EQ.l) SZZ(K)»SZZ(K)+(Z(I)-Z(J))**2 
A p l o t o f the r e s u l t a n t f u n c t i o n , or c o r r e l o g r a m , which i s 
s p e c i f i e d a t u s e r - s u p p l i e d i n t e r v a l s , i s then g e n e r a t e d u s i n g 
'PLOT' which c a l l s GHOST p l o t t i n g r o u t i n e s . The f u n c t i o n i s 
a l s o p r i n t e d i n t a b u l a r form. 
ADFN c o n s i s t s o f a main program and two s u b r o u t i n e s . There 
are no l i m i t a t i o n s on the program w i t h the e x c e p t i o n o f the 
d e c l a r e d maximum data s e t s i z e ( 7 5 0 ) , which may be r e d e c l a r e d . 
A 1.4.2 AUTOP 
'AUTOP' computes a t w o - d i m e n s i o n a l a u t o c o r r e l a t i o n f u n c t i o n 
of a r e g u l a r g r i d d i g i t a l model o f I r r e g u l a r dimension and 
generates an I s o m e t r i c c o r r e l o g r a m w i t h i n a r e f e r e n c e 
framework. I n p u t t o the program c o n s i s t s of a t i t l e , t he 
r e g u l a r g r i d i n s t a n d a r d f o r m a t ( u s i n g 'RMATIN'), the 
dimensions o f the i n p u t g r i d , the maximum la g s o f the 
r e s u l t a n t f u n c t i o n and the v i e w i n g p e r s p e c t i v e parameters f o r 
the b l o c k diagram. The program then c a l l s 'AUTOCF' (based on 
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Che t h e o r y o f Cox, 1979) t o gene r a t e the a u t o c o r r e l a t i o n 
f u n c t i o n ( P e a r s o n i a n product-moment c o e f f i c i e n t ) , and PERSYS 
( r o u t i n e s 'PPSET', 'PERS' and 'GTSCAL') t o p l o f an i s o m e t r i c 
c o r r e l o g r a m , b e f o r e a n n o t a t i n g t h e c o r r e l o g r a m w i t h f u r t h e r 
c a l l s t o GHOST r o u t i n e s . 
L i m i t a t i o n s w i t h i n the program are few and are p r i m a r i l y 
due t o m a t r i x d i m e n s i o n i n g . The maximum g r i d which may be 
processed i s 120x120 a l t h o u g h t h i s may be r e d e c l a r e d . 
S i m i l a r l y , t h e maximum number of l a g s f o r t h e f u n c t i o n i s 25 
i n b o t h d i r e c t i o n s , a l t h o u g h i f t h i s i s changed, X and Y must 
be s i m i l a r l y a l t e r e d and AUT s e t s u f f i c i e n t l y l a r g e . W i t h 
r e l a t i o n t o the c o r r e l o g r a m , t h e parameters are s e l e c t e d by 
the user and are u t i l i s e d i n d i r e c t l y when e s t a b l i s h i n g t h e 
a n n o t a t i o n l i n e s . 
A l . 4 . 3 BRAILE 
'BRAILE' perfo r m s a pat c h w i s e p o l y n o m i a l r a n d o m - t o - g r i d 
i n t e r p o l a t i o n f o l l o w i n g the method o f B r a i l e (1978) and 
di s c u s s e d e a r l i e r ( 2 . 5 . 7 ) . The program c o n t a i n s a s h o r t main 
program t o o v e r - r i d e m a t r i x - t r a n s f e r e n c e problems, which c a l l s 
a n o t h e r s h o r t s u b r o u t i n e t o i n p u t a l l the o t h e r parameters and 
o u t p u t the r e s u l t s . T h i s s u b r o u t i n e , 'REST', c a l l s t h e r o u t i n e 
'GRID' and i t s a s s o c i a t e d r o u t i n e s as programmed by B r a i l e 
(1978) which c a l l 'LINREG' as programmed by Kuester and Mize 
( 1 9 7 3 ) . The former i s r e s p o n s i b l e f o r s o r t i n g and s e a r c h i n g 
the data f o r the process o f the c r e a t i o n o f s i m u l t a n e o u s 
e q u a t i o n s f o r each patch which are s o l v e d by the l a t t e r . 
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W i t h i n the program t h e r e are s e v e r a l l i m i t a t i o n s . The 
maximum g r i d s i z e which may be i n t e r p o l a t e d i s s e t t o 120x120^ 
and the maximum da t a s e t which may be i n p u t i s 1000 p o i n t s * 
These upper l i m i t s are r e d e c l a r a b l e w i t h i n t h e c o d i n g . 
A d d i t i o n a l l y y s i n c e the g r i d i s i n t e r p o l a t e d by s u b - d i v i d i n g 
i t i n t o e q u l - s l z e d s u b - g r i d s , t h e i n t e r p o l a t e d g r i d must be 
e q u i v a l e n t t o an i n t e g e r m u l t i p l e o f s u b - g r i d nodes. T h i s 
t r u n c a t i o n problem was c a t e r e d f o r by i n c l u d i n g f o u r e x t r a 
parameters (NNX, NNY, NNXX and NNYY) d e f i n e d as the maximum 
and minimum nodes i n the x and y d i r e c t i o n s o f the 
i n t e r p o l a t e d g r i d ^ which r e p r e s e n t the a c t u a l s i z e o f g r i d 
r e q u i r e d . F i n a l l y , i t was d i s c o v e r e d t h a t the program f a i l e d 
when g r e a t e r than 100 p o i n t s were found w i t h i n any one p a t c h . 
T h i s was overcome by r e - d i m e n s i o n i n g ( w i t h i n the B r a i l e 
"LSQSRF" r o u t i n e ) m a t r i x XX as ( 1 7 5 , 6 5 ) , and YHAT as (175) and 
s e t t i n g MI • 175. Thus up t o 175 p o i n t s may now be found 
w i t h i n any one p a t c h . 
A 1-4.4 C0NC0R 
'C0NC0R' d e r i v e s the i n t e r s e c t i o n , u n i o n and a s s o c i a t e d 
s t a t i s t i c s as a p r e l i m i n a r y t o computing t he c o e f f i c i e n t o f 
c o r r e l a t i o n between computer g e n e r a t e d i s a r i t h m s and the 
r e l e v a n t r e f e r e n c e i s a r i t h m s . The program i s based on the 
t h e o r y o f Court as di s c u s s e d i n 5.3.2. I n p u t t o the program 
c o n s i s t s o f the dimensions o f the area under i n t e r e s t ( i n 
p l o t f l l e c o - o r d i n a t e s ) , the number o f i s a r i t h m l e v e l s t o be 
examined t h e i r s t a r t i n g h e i g h t , the incre m e n t between the 
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l e v e l s and the i s a r l t h m s i n p l o t f i l e c o o r d i n a t e s from l o w e s t 
t o h i g h e s t l e v e l . Output c o n s i s t s o f the resemblance m a t r i x 
and c o r r e l a t i o n c o e f f i c i e n t f o r each l e v e l and a g l o b a l 
summary. However, i t was a r e s u l t o f problems a s s o c i a t e d w i t h 
t h i s program i n c o n j u n c t i o n w i t h p r o c e s s i n g a complete 
i s a r i t h m i c map i n one r u n (see b e l o w ) , t h a t CONLIN was 
developed t o c o n s i d e r o n l y one i s a r i t h m i c l e v e l per r u n . The 
s t a t i s t i c s g enerated were s u b s e q u e n t l y processed t o produce 
th e summary diagrams and t a b l e s (see Chapter 7 ) . 
Having i n p u t and i n i t i a l i s e d t he r e l e v a n t i n f o r m a t i o n i n 
the main r o u t i n e , which a l s o produces t he f i n a l g l o b a l summary 
s t a t i s t i c s , c o n t r o l i s passed t o 'CO' which i s the r o u t i n e 
r e s p o n s i b l e f o r p e r f o r m i n g the main I s a r i t h m i c l e v e l l o o p . 
W i t h i n CO, the c o - o r d i n a t e s o f the f i r s t l e v e l f o r the 
i s a r l t h m s under i n t e r e s t and the r e f e r e n c e i s a r i t h m s are 
i n p u t . F i v e s e p a r a t e o p e r a t i o n s must now be u n d e r t a k e n . 
a. The i n t e r s e c t i o n p o i n t s o f the INTEREST and REFERENCE 
i s a r i t h m s are computed u s i n g 'GETINT' which u t i l i s e s 
'INTER' ( d e r i v e d f r o m B a x t e r , 1976, 195). 
b- The I n t e r s e c t i o n p o i n t s must be matched and 
p r e l i m i n a r y c r o s s - r e f e r e n c i n g l a b e l s e s t a b l i s h e d . T h i s i s 
performed u t i l i s i n g 'MATCH' and 'MISSED', the l a t t e r 
s u b s e q u e n t l y c a l l i n g 'EDGE' t o d e a l w i t h the b o r d e r o f the 
are a . 
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c. A d d i t i o n a l p o i n t l a b e l s are e s t a b l i s h e d u s i n g 'INTOK' 
f o r a l l the n o n - i n t e r s e c t i o n p o i n t s . T h i s i s performed by 
c o n s i d e r i n g the p o i n t - i n - p o l y g o n r e s u l t s , g e n e r a t e d by 
'PTPOLY' which i n t u r n u t i l i s e s 'PREPLY', 'SORT', 'INCLUD', 
'ORDER' and 'INOT'. 'PTPOLY' and the a s s o c i a t e d r o u t i n e 
'PTP0L2' are a d a p t a t i o n s o f the r o u t i n e s proposed by 
Salomon ( 1 9 7 8 ) . 
d. Having e s t a b l i s h e d the p o i n t s and t h e i r l a b e l s , 'U' 
and i t s a s s o c i a t e d r o u t i n e s 'GUTS' and 'ENDSEG' are c a l l e d 
t o d e r i v e t h e c o - o r d i n a t e s t r i n g s f o r each o f the u n i o n 
a r e a s . 
e. The areas o f the u n i o n s t r i n g s a re computed u s i n g 
'CONARE' which c a l l s the r o u t i n e 'AREACM' ( a f t e r H a l l , 
1976). 
Summary s t a t i s t i c s are computed f o r each l e v e l w i t h i n 'CO' 
b e f o r e recommencing the i s a r i t h r a i c l e v e l l o o p . 
I t s h o u l d be noted from the o u t s e t t h a t , w h i l e 'CONCOR' i s 
based on si m p l e l o g i c , n e v e r t h e l e s s the program s u i t e i n v o l v e s 
22 r o u t i n e s i n a p p r o x i m a t e l y 1800 l i n e s o f source code and i s 
thus v e r y s e n s i t i v e . As regards programming, o n l y two 
l i m i t a t i o n s e x i s t . W i t h i n any one l e v e l , a maximum o f 25 
sep a r a t e i s a r i t h m s may e x i s t c o n t a i n i n g a t o t a l o f 1000 p o i n t s 
i n c l u d i n g i n t e r s e c t i o n p o i n t s per l e v e l . Both these 
l i m i t a t i o n s may be r e d e c l a r e d by the u s e r . More i m p o r t a n t i s 
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the l i m i t a t i o n o f time. Because the program n e c e s s i t a t e s the 
f r e q u e n t e v a l u a t i o n o f a p o i n t - I n - p o l y g o n r o u t i n e , which i s 
i n v a r i a b l y time-consuming ( a l t h o u g h the method used was 
co n s i d e r e d s u p e r i o r t o o t h e r methods c o n s i d e r e d ) , t he t o t a l 
r u n - t i m e f o r a whole i s a r i t h m i c map (9 l e v e l s ) f r e q u e n t l y 
exceeded the maximum a l l o w a b l e l i m i t a t NUMAC (1200 cpu 
seconds). I n such a case, the map was e v a l u a t e d by c o n s i d e r i n g 
each l e v e l s e p a r a t e l y . 
A l . 4 . 5 CONLIN 
'CONLIN' compares the r e l a t i v e g e o m e t r i c accuracy and 
m o r p h o l o g i c a l t r u e n e s s of i s a r i t h m s . The program, which i s 
based on t h e t h e o r y o f L i n d i g (1956a, 1956b) as d i s c u s s e d i n 
Chapter 5, computes the P o s i t i o n , E l e v a t i o n , D i r e c t i o n and 
Cur v a t u r e e r r o r s f o r i n d i v i d u a l computer-generated i s a r i t h m s 
w i t h i n a model. I n p u t t o the program c o n s i s t s o f a t i t l e ( t h e 
i s a r i t h m l e v e l ) ; ' the dimensions o f the area under i n t e r e s t ( i n 
b o t h r e a l and p l o t f i l e c o - o r d i n a t e s ) ; t he i s a r i t h m s ( i n 
p l o t f i l e c o - o r d i n a t e s from 'SAVDRA'); a g r a d i e n t m a t r i x f o r 
the model area and a d d i t i o n a l parameters R and TOL used i n the 
co m p u t a t i o n . Output, which c o n s i s t s o f the summary s t a t i s t i c s , 
i s sent t o two u n i t s - as a ' q u i c k - l o o k ' f a c i l i t y i n a d d i t i o n 
t o an a b r i d g e d v e r s i o n which i s s t o r e d f o r each l e v e l and 
sub s e q u e n t l y processed f o r the whole model t o produce the 
summary diagrams (see Chapter 7 ) . Having i n p u t and r e s c a l e d 
the r e l e v a n t data u s i n g 'READIN' and 'REGRAD', the program 
generates the e q u a t i o n s of the t a n g e n t s a t every p o i n t on the 
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REFERENCE i s a r i t h m and the normals t o the ta n g e n t s on the 
i s a r i t h m under INTEREST ( u s i n g 'GETXY' and 'GETX', which i n 
t u r n c a l l 'EQUAT' t o d e r i v e the unknowns). By s o l v i n g f o r each 
p a i r o f tan g e n t and normal e q u a t i o n s ( u s i n g 'INTER'), t he 
ne a r e s t p o i n t may be found on the REFERENCE i s a r i t h m t o each 
INTEREST p o i n t a l o n g t he normal t h r o u g h each p o i n t . The s e t of 
such p o i n t s i s then used w i t h the p o i n t s on the i s a r i t h m under 
INTEREST t o compute P o s i t i o n e r r o r ( d i s t a n c e a l o n g t h e 
n o r m a l ) , E l e v a t i o n e r r o r ( P o s i t i o n e r r o r x ta n g e n t ( g r a d i e n t ) 
u s i n g 'ELEV')^ D i r e c t i o n e r r o r ( d i f f e r e n c e i n o r i e n t a t i o n 
between two c o n s e c u t i v e p o i n t s on t h e i s a r i t h m under INTEREST 
and the r e s p e c t i v e ' n e a r e s t ' p o i n t s on the REFERENCE I s a r i t h m ) 
and C u r v a t u r e e r r o r ( u s i n g 'CURV'). W i t h i n CURV a v a l u e f o r R 
( t h e r e f e r e n c e r a d i u s o f c u r v a t u r e ) i s used. T h i s was s e t t o 
500.0 t h r o u g h o u t a l l runs, a l t h o u g h i t was programmed as an 
i n p u t parameter. F i n a l l y , 'ASSYM' i s c a l l e d t o t i d y up the 
e r r o r s produced and remove any gross e r r o r s . T h i s f i r s t 
removes any e r r o r s a t p o i n t s w i t h a P o s i t i o n e r r o r g r e a t e r 
than TOL (an i n p u t parameter s e t t o 200.0 f o r INCH and LIAN 
and 70.0 f o r F0RV). Subsequently, t he s t a n d a r d d e v i a t i o n f o r 
each d i s t r i b u t i o n i s computed ( u s i n g 'RSDEV') and e r r o r s 
g r e a t e r t h a n 2.5 s t a n d a r d d e v i a t i o n s removed. The f i n a l 
summary s t a t i s t i c s are gen e r a t e d . 
There are s e v e r a l l i m i t a t i o n s t o the program m a i n l y 
concerned w i t h m a t r i x s i z e s , a l t h o u g h w i t h care these may be 
e a s i l y r e - d e f i n e d . The g r a d i e n t m a t r i x has maximum dim e n s i o n 
(100.100) and the maximum number o f p o i n t s t h a t may be 
processed i n any i s a r i t h m l e v e l a t one time i s s e t t o 1000. 
W i t h i n the program, i s a r i t h m s may be c l o s e d loops or open l i n e 
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segments. While t h e i n i t i a l a s p i r a t i o n s f o r t h e program were 
t o compute the s t a t i s t i c s f o r a l l l e v e l s i n one r u n , t h i s was 
sub s e q u e n t l y c o n s i d e r e d t o o r e s t r i c t i v e ^ i t ^ r e q u i r e d b u l k y 
m a t r i c e s i n some i n s t a n c e s and due t o the l i m i t a t i o n s o f j o b 
p r i o r i t i e s w i t h r u n - t i m e a t NUMAC was a l s o c o n s i d e r e d 
u n d e s i r a b l e . The program was t h e r e f o r e developed f o r computing 
the s t a t i s t i c s f o r each i s a r i t h m l i n e w i t h i n each l e v e l 
s e p a r a t e l y . 
A l - 4 . 6 DTC 
The program 'DTC' produces an i s a r i t h m map from random 
p o i n t data by u t i l i s i n g a Delaunay t r i a n g u l a t i o n • A f t e r t h e 
random t h r e e - d i m e n s i o n a l data are i n p u t t o the program, a 
Delaunay t r i a n g u l a t i o n i s g e n e r a t e d , u t i l i s i n g TILE - a s e r i e s 
o f r o u t i n e s w r i t t e n by Green and Sibson (1978)^ which may be 
sub s e q u e n t l y used t o d e r i v e a D i r i c h l e t ( V o r o n o i , o r T h i e s s e n ) 
t e s s e l a t i o n and/or an i s a r i t h m i c map u s i n g u s e r - d e s i r e d 
i s a r i t h m l e v e l s . The i s a r i t h m s , produced by d i r e c t l i n e a r 
i n t e r p o l a t i o n f rom the t r i a n g u l a t i o n , may be l e f t a n g u l a r or 
may be smoothed. The nap, t e s s e l a t i o n or t r i a n g u l a t i o n may be 
u s e r - s c a l e d . 
The Delaunay t r i a n g u l a t i o n , g e n e r a t e d from c a l l s t o TILE^ 
o p t i m i s e s t o an e q u i a n g u l a r t r i a n g u l a t i o n w i t h i n a 'window' or 
bounded p o l y g o n a l r e g i o n . The window i s thus an i m p o r t a n t 
aspect t o be d e f i n e d as the t r i a n g u l a t i o n may v a r y a t t h e 
edges depending on i t s d e f i n i t i o n . T h i s i s the o n l y f e a t u r e 
t h a t should p r e v e n t a unique t r i a n g u l a t i o n s o l u t i o n g i v e n a 
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f i x e d i n p u t data s e t . 
The o u t p u t from the t r i a n g u l a t i o n must be processed t o form 
a more f l e x i b l e system f o r i s a r l t h m g e n e r a t i o n , u s i n g 'FORM'. 
This i s r e q u i r e d t o d e f i n e t h e t r i a n g l e s , t h e i r n e ighbours and 
t h e i r maximum and minimum v a l u e s f o r t h e I s a r l t h m 
i n t e r p o l a t i o n s t a g e . I s a r i t h m s are t r a c e d u s i n g 'CONTUR' and 
may be smoothed u s i n g 'CRVFIT' (Akima, 1974a) once t he whole 
o f an i s a r l t h m has been g e n e r a t e d . A d d i t i o n a l l y , a r o u t i n e 
'PLTPT' i s s u p p l i e d which may be used t o p l o t and l a b e l 
p o i n t s * The pr e - c o m p l l e d FORTRAN t r i a n g u l a t i o n / t e s s e l a t i o n 
s u b r o u t i n e l i b r a r y 'TILE' c o n t a i n s the f o l l o w i n g s u b r o u t i n e s ; 
a. TBOX - d e f i n e s the c o n s t r a i n t s o f the t e s s e l a t i o n , 
b- TILE - d e r i v e s the t e s s e l a t i o n , 
c. PRINT - produces a t a b u l a t i o n o f c o n s t r a i n t 
c o e f f i c i e n t s , c o n t i g u i t y l i s t s and p o i n t c o o r d i n a t e s , 
d. STATS - produces a t a b u l a t i o n o f v a r i o u s t i l e 
s t a t i s t i c s - a r e a , p e r i m e t e r e t c . , 
e- PLTDIR - p l o t s the t e s s e l a t i o n t r i a n g u l a t i o n , or 
d a t a p o i n t s . 
FORM, CONTUR, CRVFIT and PLPT are i n the r e s e a r c h 
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s u b r o u t i n e l i b r a r y and c a l l GHOST p l o t t i n g r o u t i n e s . 
There a re t h r e e known l i m i t a t i o n s . The d e c l a r a t i o n 
parameters may be a l t e r e d t o accept a l a r g e r number of p o i n t s . 
The i n p u t data must be s u f f i c i e n t l y random; i n t h e event o f a 
r e g u l a r g r i d b e i n g i n p u t , t h e t e s s e l a t i o n g e n e r a t e d causes 
a m b i g u i t i e s as each node c o n s i d e r s t h e f o u r s u r r o u n d i n g nodes 
t o be c o n t i g u o u s , thus p r e v e n t i n g a t r i a n g u l a t i o n f rom b e i n g 
e s t a b l i s h e d . F i n a l l y ^ a f e a t u r e o f t h e l s a r l t h m r o u t i n e i s 
t h a t the border must be c a r e f u l l y d e f i n e d . For the purposes o f 
t h i s r e s e a r c h , where i s a r i t h m s were t r a c e d t h r o u g h a p r e c i s e l y 
d e f i n e d r e c t a n g u l a r a r e a , t he bord e r component o f the data 
sample was used t o pr e v e n t t h e t r i a n g l e s from o v e r l a p p i n g t h e 
area of i n t e r e s t . 
A 1.4.7 DTSA 
The program 'DTSA' computes t he s u r f a c e areas o f i n d i v i d u a l 
t r i a n g u l a r c e l l s formed from p o i n t d a t a , t h e i r r e s u l t a n t 
summary s t a t i s t i c s and p l o t s a h i s t o g r a m o f the d i s t r i b u t i o n 
w i t h the summary s t a t i s t i c s . I t combines a s m a l l s u r f a c e area 
c o m p u t a t i o n s e c t i o n sandwiched between t h e 
d a t a - t o - t r i a n g u l a t i o n s e c t i o n o f DTC and the s t a t i s t i c a l 
s e c t i o n of SA. I n p u t i s as f o r DTC. A f t e r a c a l l t o 'FORM', 
the i n d i v i d u a l c e l l s u r f a c e areas are computed and compared 
w i t h the c e l l plane areas u s i n g 'DIST3D', 'DIST2D' and 
'SURFAR'. The summary s t a t i s t i c s are then computed u s i n g 
'STDDEV'(to compute s t a n d a r d d e v i a t i o n ) and 'SKKU' ( t o compute 
skewness and k u r t o s i s ) , and p r i n t e d . The h i s t o g r a m and summary 
s t a t i s t i c s are then p l o t t e d u s i n g 'COMHIS' and 'HIST' which 
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c a l l GHOST g r a p h i c s l i b r a r y r o u t i n e s . 
The o n l y l i m i t a t i o n s t o the program are those r e s u l t i n g 
from the use of the 'TILE' s u i t e and are thus s i m i l a r t o those 
f o r 'DTC'. FORM, DIST3D, DIST2D, SURFAR, STDDEV, SKKU, COMHIS 
and HIST are a l l i n the s u b r o u t i n e l i b r a r y . 
A 1.4.8 EFTRAN 
Throughout the r e s e a r c h , a c o n s i d e r a b l e number o f s m a l l 
i n p u t / o u t p u t programs were w r i t t e n t o m a n i p u l a t e m a t r i c e s . 
'EFTRAN' i s one such program w r i t t e n t o c o n v e r t GPCP m a t r i x 
o u t p u t i n 'E' f o r m a t t o the s t a n d a r d 'F' f o r m a t used 
t h r o u g h o u t the r e s e a r c h * I t i s t h e r e f o r e t y p i c a l o f many such 
programs e,g. 'SYM.OUT', and i s thus i n c l u d e d as an example* 
EFTRAN i s i n t e r a c t i v e i n i t i a l l y r e q u e s t i n g the dimensions 
o f t he g r i d t o be r e f o r m a t t e d . Once i n p u t the program reads 
i n ? c o n v e r t s and o u t p u t s the g r i d . There i s o n l y one 
l i m i t a t i o n on the program - t h e maximum s i z e o f the g r i d 
(120,120), which i s changeable by the u s e r . 
A l - 4 - 9 GHOSYS 
The i n t e r a c t i v e program 'GHOSYS' perform s g r i d - t o - l s a r i t h m 
i n t e r p o l a t i o n u s i n g e i t h e r r e g u l a r or i r r e g u l a r g r i d s , w i t h 
the o p t i o n o f s e l e c t i n g the r o u t i n e s a v a i l a b l e i n GHOST or 
CONSYS. W i t h i n CONSYS, the GHOST 'POSITN' and 'JOIN' r o u t i n e s 
are c a l l e d w i t h i n 'CONSET' t o p r o v i d e the move and draw 
r o u t i n e s f o r 'CONTUR' t o t r a c e the i s a r i t h m s . Both packages 
are s u b r o u t i n e l i b r a r i e s : t h e r e f o r e the GHOSYS program reads 
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i n data and produces the i s a r i t h m map a c c o r d i n g t o 
u s e r - s p e c i f i e d parameters. Maps may be drawn a t u s e r - s p e c i f i e d 
s c a l e w i t h o t h e r maps and/or d i g i t i s e d l i n e work o v e r l a i n . I n 
a l l cases, i n p u t data must be i n the a u t h o r ' s s t a n d a r d 
r e s e a r c h f o r m a t . 
The l s a r i t h m s a re drawn by c a l l i n g one of f i v e s u b r o u t i n e s , 
a. CONTUR - i s the o n l y CONSYS r o u t i n e which produces 
a n g u l a r i s a r l t h m s from a r e g u l a r o r i r r e g u l a r g r i d ; 
b. CONTRA - i s the GHOST r o u t i n e which produces smoothed 
i s a r i t h m s from a r e g u l a r g r i d * 
c. CONTIA - produces a s i m i l a r r e s u l t from an i r r e g u l a r 
g r i d ; 
d. CONTRL - i s the GHOST r o u t i n e which produces a n g u l a r 
i s a r i t h m s from a r e g u l a r g r i d ; 
e. CONTIL - produces a s i m i l a r r e s u l t from an i r r e g u l a r 
g r i d . 
GHOSYS c o n s i s t s o n l y o f a main program. There are no 
l i m i t a t i o n s on the program, w i t h the e x c e p t i o n o f the g r i d 
s i z e which i s user s e l e c t a b l e , but i t has a changeable maximum 
d e f a u l t s i z e o f 120x120. A d d i t i o n a l l y , i f a t i t l e i s d e s i r e d ; 
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t h i s i s p l o t t e d v e r t i c a l l y i n a 1 i n c h band on the l e f t hand 
s i d e o f the p l o t . 
A 1-4.10 GHOT 
'GHOT', as o u t l i n e d i n 2.5.6^ i s a r a n d o m - t o - g r i d 
i n t e r p o l a t i o n program which c a l l s t h e i n t e r p o l a t i o n r o u t i n e s 
REGR1D and DWLSQ1 o f B r o d l i e . These r o u t i n e s were r e l e a s e d t o 
U n i v e r s i t y users o f GHOST and are o f t e n mounted i n c o n j u n c t i o n 
w i t h t h i s package* The r o u t i n e s were a c q u i r e d from t he 
U n i v e r s i t y o f Glasgow Computing S e r v i c e where they a r e mounted 
i n c o n j u n c t i o n w i t h GHOST (W o r s t e r , 1979). The main program i s 
b r i e f . A f t e r r e a d i n g the v a r i o u s parameters necessary and the 
r e q u i r e d data u s i n g 'RPTIN', i t c a l l s t h e r o u t i n e 'REGRID' and 
t h e r e a f t e r p r i n t s the r e s u l t s u s i n g "RMATOT", REGRID gen e r a t e s 
the s i z e o f the search r a d i u s from t he i n p u t d a t a and 
parameters and c a l l s 'DWLSQ1' t o p e r f o r m the p o i n t w i s e l e a s t 
squares p o l y n o m i a l i n t e r p o l a t i o n . A l l r o u t i n e s are t o be found 
i n the s u b r o u t i n e l i b r a r y . 
r-
E x c l u d i n g any problems a s s o c i a t e d w i t h REGRID and DWLSQ1, 
the o n l y l i m i t i n g f a c t o r i s the s i z e o f the a r r a y s which are 
changeable w i t h maximum d e f a u l t s '(120 1 2 0 ) ' f o r t he g r i d , and 
' ( 4 0 0 0 ) ' f o r t h e p o i n t d a t a . I t s h o u l d be noted t h a t problems 
may occur w i t h the search r a d i u s i n areas o f sparse d a t a , 
where i t may not be s a t i s f a c t o r y and p r o v i d e t oo few p o i n t s 
and t h e r e f o r e an i l l - c o n d i t i o n e d l e a s t squares f i t . 
A1.4.11 GPCP.IN 
The i n t e r a c t i v e program 'GPCP.IN' i s a s e r v i c e program 
APPENDIX 1 
574 
designed s p e c i f i c a l l y t o p e r f o r m t he data r e f o r m a t t i n g which 
i s a p r e - r e q u i s i t e t o r u n n i n g GPCP. GPCP as d i s c u s s e d e a r l i e r 
i s a command-based program which r e q u i r e s t h a t , a l l d ata and 
o p t i o n commands be s t r u c t u r e d w i t h i n t h e same f i l e . Thus, 
t h r o u g h o u t t he program, the user must not o n l y s e l e c t t h e 
necessary r o u t i n e s and parameters t h a t are r e q u i r e d , but a l s o 
must s p e c i f y t h e data type ( g r i d o r p o i n t d a t a ) and the f o r m a t 
i n the case o f the p o i n t d a t a . The v a r i o u s o p t i o n s a v a i l a b l e , 
which are g e n e r a l l y s e l e c t e d by a TES/NO response t o prompts, 
r e p r e s e n t a f a i r l y e x t e n s i v e subset o f the t o t a l a v a i l a b l e 
i n p u t t o the package and as w e l l as s t a n d a r d o p t i o n s , i n c l u d e 
t h e TREND; s t e r e o , boundary and l i n e d r a w i n g f a c i l i t i e s . The 
r e l e v a n t commands are o u t p u t as the program progresses? t h e 
program t e r m i n a t i n g o n l y when the commands are completed w i t h 
a 'STOP' c a r d . This command f i l e may now be d i r e c t l y i n p u t t o 
GPCP. 
GPCP-IN c o n s i s t s o f a main program and s u b r o u t i n e s f o r 
s e l e c t i n g newpens (NEWPEN): l i n e d r a wing (CONPLO) and boundary 
i n s e r t i o n (BOUNDY). There are no l i m i t a t i o n s on the program 
w i t h the e x c e p t i o n o f the g r i d s i z e which i s user s e l e c t a b l e , 
but has a changeable maximum d e f a u l t s i z e o f 120x120. The 
CONPLO and BOUNDY r o u t i n e s a re s e t t o read data i n ' f r e e 
f o r m a t ' . 
A l.4.12 LIB 
'LI B ' i s the s u b r o u t i n e l i b r a r y e s t a b l i s h e d and developed 
t h r o u g h o u t the course o f the r e s e a r c h t o f a c i l i t a t e ease o f 
programming ? compaction o f programming^ p o r t a b i l i t y o f 
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s u b r o u t i n e s ( b o t h by the a u t h o r and o t h e r i n t e r e s t e d u s e r s ) 
and the development o f a comprehensive system f o r any f u t u r e 
r e s e a r c h . I n t h a t r e s p e c t the l i b r a r y was not envisaged as a 
c o l l e c t i o n o f r o u t i n e s each o f which had t o be used i n 
s e v e r a l programs b e f o r e they c o u l d be accepted i n the l i b r a r y . 
I n s t e a d , i f a r o u t i n e was p o t e n t i a l l y i m p o r t a n t or d e s i r a b l e 
and i t was i n ' p e r f e c t r u n n i n g o r d e r " , i t was removed t o the 
l i b r a r y . L a t t e r l y , the l i b r a r y c o n t a i n e d s i x t y r o u t i n e s . 
A 1.4.13 MATANN 
'MATANN' was the main program used t o analys e s t a t i s t i c a l l y 
t h e g r i d p r o d u c t s generated by the v a r i o u s r a n d o m - t o - g r i d 
i n t e r p o l a t i o n methods* Much o f the d i s c u s s i o n on the c h o i c e o f 
s t a t i s t i c a l t e c h n i q u e s t o be u t i l i s e d may be found i n Chapters 
5/6. E s s e n t i a l l y , t h e program generates s t a n d a r d parameters o f 
e r r o r and c o r r e l a t i o n between each i n t e r p o l a t e d and observed 
( r e f e r e n c e ) g r i d . The e r r o r i s c o r r e l a t e d a d d i t i o n a l l y a g a i n s t 
g r i d s of l o c a l t e r r a i n g r a d i e n t , d i s t a n c e t o the n e a r e s t data 
p o i n t , and number o f data p o i n t s w i t h i n a p r e s c r i b e d d i s t a n c e 
from the g r i d node. I n a l l cases, p o i n t e r r o r above a c e r t a i n 
t o l e r a n c e ( a p p r o x i m a t e l y 40Z o f the range o f d a t a ) i s i g n o r e d 
and a t o t a l o f p o i n t s 'not e s t i m a t e d ' augmented. 
The program places a heavy r e l i a n c e on l i b r a r y s u b r o u t i n e s . 
The v a r i o u s g r i d s are read i n u s i n g 'RMATIN' and 'IMATIN' 
a l o n g w i t h the t i t l e and t o l e r a n c e . E r r o r g r i d s a re then 
generated and u s i n g 'C0R2' and 'TRANS' ( t o t r a n s f o r m t h e 
d i s t r i b u t i o n s ) the v a r i o u s g r i d c o r r e l a t i o n c o e f f i c i e n t s are 
e s t a b l i s h e d . A l l o t h e r s t a t i s t i c a l parameters are e s t a b l i s h e d 
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u t i l i s i n g 'RSDEV ( s t a n d a r d d e v i a t i o n ) , 'RSER2' ( s t a n d a r d 
e r r o r ) and 'SKKUR' (skewness and k u r t o s i s ) . Best f i t l i n e s are 
computed f o r each o f the e r r o r / g r i d comparisons u s i n g 'CLASS' 
and 'EQNLIN' ( f i t s l i n e t o c l a s s i f i e d d a t a ) . The program 
c o n s i s t s o f the main r o u t i n e CLASS ( s e t s random d i s t r i b u t i o n s 
i n t o c l a s s e s ) and EQNLIN*, the o t h e r r o u t i n e s are found i n t h e 
l i b r a r y . 
There are two l i m i t a t i o n s t o the use o f the program. The 
program i s designed f o r a 49x49 g r i d and 12 c l a s s e s w i t h i n t h e 
b e s t - f i t l i n e s e c t i o n . I f an a l t e r n a t i v e number o f g r i d nodes 
or c l a s s e s are r e q u i r e d t h e n t h e d e c l a r a t i o n parameters must 
be r e d e f i n e d . A d d i t i o n a l l y , i n h e r e n t i n any l e a s t squares 
c o m p u t a t i o n i s t h a t any m a t r i c e s must not be i l l - c o n d i t i o n e d . 
Thus problems may occur i f many c l a s s e s c o n t a i n no el e m e n t s , 
r e q u i r i n g c l a s s l i m i t r e s e l e c t i o n . 
A 1.4.14 MULTI 
The program 'MULTI' generates a r e g u l a r g r i d f r o m random 
data by the t h e o r y of m u l t i q u a d r i c a n a l y s i s ( 2 . 5 . 9 ) . The main 
program i s designed p u r e l y t o overcome m a t r i x t r a n s f e r e n c e 
problems a n d ; a f t e r the d e c l a r a t i o n s , c a l l s a s u b r o u t i n e 
'REST'. This i n t u r n reads i n a l l the o t h e r parameters and 
data ('RPTIN'), c a l l s t h e main r o u t i n e 'MQA' t o p e r f o r m t he 
m u l t i q u a d r l c a n a l y s i s and p r i n t s out the r e s u l t s u s i n g 
'RMATOT'. The r o u t i n e s RPTIN, RMATOT and MQA are d e f i n e d i n 
the s u b r o u t i n e l i b r a r y . 
The r o u t i n e MQA, i n p e r f o r m i n g the i n t e r p o l a t i o n , r e q u i r e s 
the s o l u t i o n of a s e r i e s o f s i m u l t a n e o u s e q u a t i o n s 
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r e p r e s e n t i n g a s e r i e s o f q u a d r a t i c cones c e n t r e d on each data 
p o i n t . This i s performed by u t i l i s i n g a NAG r o u t i n e (F04ARF) 
and c r e a t e s two a s s o c i a t e d problems. Data p o i n t s must be 
d i s c r e t e , but t h i s i s g e n e r a l l y normal i n most r a n d o m - t o - g r i d 
i n t e r p o l a t i o n s . A l t e r n a t i v e l y , as each d a t a p o i n t has a cone 
which i s f i t t e d t o a l l o t h e r d a t a p o i n t s , a l a r g e , DOUBLE 
PRECISION m a t r i x i s r e q u i r e d , r e s u l t i n g i n s e r i o u s s t o r a g e 
l i m i t a t i o n s i n i t s use. Thus the m a t r i x d e c l a r a t i o n s i n the 
main program are s e t t o the l a r g e s t a l l o w a b l e s i z e a t NUMAC, 
a p p r o x i m a t e l y 340x340 f o r the A m a t r i x . The d e c l a r a t i o n 
parameters f o r the g r i d s i z e s e t a t 120x120 may be r e d e f i n e d . 
A 1.4.15 NN 
"NN" computes v a r i o u s Nearest Neighbour S t a t i s t i c s 
a s s o c i a t e d w i t h t h e data and r a n d o m - t o - g r i d i n t e r p o l a t i o n . 
P r i m a r i l y u t i l i s i n g 'NNA', i t computes the Nearest Neighbour 
A n a l y s i s s t a t i s t i c f o r t h e data d i s t r i b u t i o n . For the purposes 
o f r a n d o m - t o - g r i d e r r o r s t a t i s t i c s , t h e r o u t i n e 'NNGRID' i s 
sub s e q u e n t l y c a l l e d t o compute the d i s t a n c e t o the n e a r e s t 
data p o i n t and the number o f data p o i n t s w i t h i n a f i x e d 
t o l e r a n c e o f each i n t e r p o l a t e d g r i d node. Data are i n p u t and 
r e s u l t a n t m a t r i c e s p r i n t e d u s i n g "RPTIN", "RMATOT" and 
'IMATOT". A l l s u b r o u t i n e s are i n c l u d e d i n t h e l i b r a r y . 
The o n l y l i m i t a t i o n s are the s i z e s o f the m a t r i c e s ^ 
p r e s e n t l y s e t t o 340 (maximum number o f data p o i n t s ) and 
(120,120) (maximum g r i d s i z e ) , which may be r e s e l e c t e d . The 
program i s based on w e l l - e s t a b l i s h e d t h e o r y (see f o r example 
T a y l o r , 1977, 156-62). 
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A l . 4 . 1 6 PTDIST 
The program 'PTDIST' analyse s the p a t t e r n o f the data s e t s 
c o n s i d e r e d i n t h i s r e s e a r c h u t i l i s i n g d i s t a n c e - b a s e d measures 
which assume a E u c l i d e a n geometry approach (see 3.4.5.2). 
A f t e r computing a l l the i n t e r - d a t a p o i n t d i s t a n c e s , t h e 
program computes t he mean c e n t r e s and s t a n d a r d d e v i a t i o n s 
w i t h i n t h e main program. I n a d d i t i o n , t h e d i s t a n c e s t o the 
f i r s t - } second-and t h i r d — o r d e r n eighbours f o r each data p o i n t 
are s t o r e d , and the hi s t o g r a m s p r i n t e d ( u s i n g the l i b r a r y 
r o u t i n e s 'COMHIS' and 'RHISTOT') and d i s t r i b u t i o n s t a t i s t i c s 
d e r i v e d ( u s i n g t h e l i b r a r y r o u t i n e s 'STDDEV, 'SKKU' and 
'RQUART'), 
Thi s program i s based on the r e l e v a n t d i s c u s s i o n w i t h i n 
Unwln ( 1 9 8 1 ) . The o n l y l i m i t a t i o n t o i t s use i s concerned w i t h 
d a ta s e t s i z e ( p r o v i s i o n a l l y s e t t o accept a maximum o f 340 
p o i n t s ) . 
A 1.4. 17 C^A 
The program 'QA' performs a qua d r a t a n a l y s i s o f the v a r i o u s 
p o i n t data s e t s used i n t h i s r e s e a r c h u s i n g the q u a d r a t 
c e n s u s i n g t e c h n i q u e (see 3.4.5.1). The program c o n t a i n s a main 
r o u t i n e and c a l l s the l i b r a r y r o u t i n e s 'RPTIN' ( t o read i n the 
d a t a ) ; 'STDDEV", 'SKKU' and 'RQUART' ( t o compute t he g e n e r a l 
d i s t r i b u t i o n s t a t i s t i c s ) and 'COMHIS' and 'RHISOT' ( t o 
compute and p r i n t t h e d i s t r i b u t i o n ) * The main q u a d r a t a n a l y s i s 
s p e c i f i c s t a t i s t i c s are computed w i t h i n t h e main program. 
I n e v a l u a t i n g the l a t t e r s t a t i s t i c s , 'OA' i s based on the 
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t h e o r y expressed i n Unwin (1981) and more s p e c i f i c a l l y R i p l e y 
( 1 9 8 1 ) . For a u s e r - s p e c i f i e d g r i d d i m ensions, r e s o l u t i o n and 
o r i g i n the program computes the mean, v a r i a n c e , r a t i o , i n d e x 
o f c l u s t e r i n g , i n d e x o f c l u s t e r f r e q u e n c y , i n d e x o f mean 
crowding and in d e x o f p a t c h i n e s s . The o n l y l i m i t a t i o n s o f the 
program are those concerned w i t h the number o f data p o i n t s 
i n p u t (maximum 340) and the maximum number o f q u a d r a t s 
c o n s i d e r e d ( 4 0 0 0 ) . 
A 1.4.18 REFORM 
The i n t e r a c t i v e program 'REFORM' i s a s e r v i c e program 
designed s p e c i f i c a l l y t o p e r f o r m the e s s e n t i a l t a s k o f 
d e r i v i n g s u b - g r i d s and nodal p o i n t d ata from r e g u l a r g r i d s . 
Once the data g r i d i s i n p u t i n u s e r - s p e c i f i e d f o r m a t , an 
i n t e r a c t i v e d i s c u s s i o n takes p l a c e d u r i n g which t h e user may 
s e l e c t the g e n e r a l f o r m a t o f the o u t p u t g r i d , whether i t i s t o 
have a t e r m i n a t o r and whether the x, y c o o r d i n a t e s are t o be 
o u t p u t . The r e l e v a n t data are o u t p u t and th e user may r e q u e s t 
the same data s e t or a new data s e t t o be processed, o r t h e 
program t o t e r m i n a t e . REFORM c o n s i s t s s o l e l y o f a main 
program. There are no l i m i t a t i o n s on the program w i t h the 
e x c e p t i o n o f the g r i d s i z e which has a changeable maximum 
d e f a u l t s i z e o f 120x120. While t h e data i n p u t f o r m a t s are 
u s e r - d e f i n a b l e , the o u t p u t f o r m a t s are d e f i n e d i n the program 
t o be the s t a n d a r d f o r m a t used t h r o u g h o u t the r e s e a r c h . 
A l . 4 . 19 _SA_ 
'SA' computes the s u r f a c e areas of the i n d i v i d u a l c e l l s o f 
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a r e g u l a r g r i d t e r r a i n m a t r i x , t h e i r r e s u l t a n t summary 
s t a t i s t i c s and p l o t s a h i s t o g r a m o f the d i s t r i b u t i o n w i t h t h e 
summary s t a t i s t i c s . The i n p u t t o the p r o g r a m , c o n s i s t s o f t h e 
g r i d ( u s i n g "RMATIN"), i t s dimensions, r e s o l u t i o n and t i t l e . 
The area o f each g r i d c e l l i s computed by d i v i d i n g t h e square 
c e l l i n t o two t r i a n g l e s and computing the area o f each u s i n g 
t h e r o u t i n e 'SURFAR'. Thi s i s compared w i t h the plane area o f 
the c e l l and t h e r a t i o s u r f a c e a r e a / p l a n e area computed. The 
summary s t a t i s t i c s are the n computed u s i n g t h e r o u t i n e s 
'TRANS' ( t o t r a n s f o r m the d i s t r i b u t i o n ) , 'STDDEV ( t o compute 
s t a n d a r d d e v i a t i o n ) , 'SKKU' ( t o compute skevness and 
k u r t o s i s ) and 'RQUART' ( t o compute t he q u a r t i l e s ) , and 
p r i n t e d . A h i s t o g r a m and summary s t a t i s t i c s are the n p l o t t e d 
u s i n g COMHIS and HIST. The r o u t i n e s RMATIN, SURFAR, SKKU, 
STDDEV, RQUART, TRANS COMHIS and HIST are i n the s u b r o u t i n e 
l i b r a r y and c a l l GHOST g r a p h i c s r o u t i n e s . 
There are o n l y two l i m i t a t i o n s t o the program. The s i z e o f 
the i n p u t g r i d i s u s e r - d e f i n a b l e , but has a changeable maximum 
d e f a u l t s i z e o f 120x120. The DOUBLE PRECISION m a t r i x 'VOL' 
c o n t a i n s the c e l l areas and has a changeable maximum d e f a u l t 
s i z e of 5000. VOL must be a t l e a s t o f s i z e (NX-1)*(NY-1). 
Al-A.20 SCAVAL 
'SCAVAL' computes and t a b u l a t e s t h e s c a l e - v a r i a n c e 
components of a r e g u l a r g r i d f o l l o w i n g the t h e o r y o f 
M o e l l e r i n g and T o b l e r ( 1 9 7 2 ) , see 4.4.5. The program c o n t a i n s 
a main r o u t i n e and s u b r o u t i n e and c a l l s the l i b r a r y r o u t i n e s 
'RMATIN' and 'RMATOT' t o read i n and p r i n t o u t m a t r i c e s . 
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Having performed the necessary i n i t i a l i s a t i o n s ( t i t l e , 
d i m e n s i o n , r e s o l u t i o n and g r i d i n p u t ) , t h e mean and d e v i a t i o n 
m a t r i c e s f o r t h e f i r s t l e v e l a re computed u s i n g "CALC and the 
summary s t a t i s t i c s g e n e r a t e d . The mean m a t r i x "M~ i s the n used 
as t he new l e v e l and t h e process r e p e a t e d u n t i l o n l y one 
g l o b a l mean i s d e r i v e d . Throughout, t he s t a t i s t i c s a re p r i n t e d 
t o u n i t s 6 or 7. 
The i t e r a t i v e process t h e r e f o r e e n f o r c e s one l i m i t a t i o n , 
t h a t o f a square r e g u l a r g r i d o f s i z e e q u a l t o a power o f two. 
A d d i t i o n a l l y , a d e f a u l t maximum g r i d s i z e o f 120x120 i s s e t , 
a l t h o u g h t h i s i s changeable . 
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